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INTRODUCTION. 


Tux analytical solution of stiff-jointed portal frames is, in general, a 
complex mathematical problem, and even the usual methods of graphical 
solution by graphical integration are apt to be laborious, especially in 
cases where the feet of the portal are fixed, or where the frame is a com- 
plete rectangle. This Paper is intended to present an extension of the 
use of “characteristic points” to the solution of unsymmetrical portal 
frames. The method of solution known as “ characteristic points” was 
originated by Professor T. Claxton Fidler,? M. Inst. C.E., in 1883. The 

utions of continuous-beam problems, using this method, are dealt with 
in many modern textbooks, of which the most notable, in the Author’s 
inion, is that of Dr. E. H. Salmon, M. Inst. C.H.3 Since, however, few 
‘orks, apart from those of Dr. Salmon * 5, discuss the case where the 

ports are allowed to settle, a short proof is given here. 


| Correspondence on this Paper can be accepted until the 15th April, 1941, and 
“ill be published in the Institution Journal for October 1941.—Suc. Inst. C.E. 
2 “(ontinuous Girder Bridges.’”” Minutes of Proceedings Inst. C.E., vol. lxxiv 


2-83, Part iv), p. 209. 
_ § E, H. Salmon, “ Materials and Structures.” Longmans, Green and Co., London, 


ae toe; br, vol. 1 140 et seq. 
eer. H. Salmon, oiacacterisito Points.” Selected Engineering Paper No. 46, 


C.E., 1927. 
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The following conventions will be used throughout the Paper :— 
(a) Bending moment will be considered positive (++) when it causes 
the beam to arch upwards, or the portal to arch outwards ; curves indi- 
cating positive bending moment will be drawn above the base-line. 
(b) Shear force will be considered positive (+) when the forces to the 
right of the section in question tend to lift that side. 
(c) Loads and deflexions will be considered positive (-+-) when they 
act downwards or towards the inside of a portal frame. 7 
The curve AZB in Fig. 1 is the bending-moment diagram for a freel 
supported beam subjected to a vertical loading. If restraining moments 
are introduced at A and B, of M, and M, respectively, and the span of the 
beam is J, then the restraining-moment diagram (hereafter referred to as 


moment diagram, which is made up of the negative hending-meait ‘ 
diagram AZB and the positive bending-moment diagram AabB, and 
represents the case of a restrained beam. 

The bending moment at X (where AX = 2) is: 

ds | 

“ Mz = M, + My= BI... hs alt ll 

If it is assumed that # and J are constant throughout the span, then, 
multiplying both sides by z, and integrating between the limits A and B, 
equation (1) becomes : x 


[2 
q (Ma + 2M») + Cz = EI(l0,+ya—y) . . « (2) 


where Cz denotes the moment of the bending-moment diagram about A : 
9, denotes the slope at B (positive downwards in the direction of « ineres ‘ 
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ing), and Ya, Y» denote the settlements of the ends A and B respectively. 
Replacing y, — yq by A, equation (1) may be transformed to : 


2EI QEI . (M,+2M;) 202 
Ceeghogur 3) ta 
2EIA + 207 rie 
If m’r’ is made equal to ee rae 
th l ae 
en ‘So eee 


It should be noted here that p’r’ is positive measured upwards, and 1 is 
positive when B is at the right-hand end of the span. 

If B is now considered as an intermediate support instead of as an end 
support, a similar expression for 9, may be obtained from the conditions 
of the adjoining span. By equating these two values for g, graphically, 
‘it is possible to draw the complete bending-moment diagram for a two- 
‘span continuous beam. Furthermore, since a similar relationship exists 
between all adjacent spans, it follows that it is possible to draw a similar 
diagram for any number of spans. Until recently, trial-and-error methods 
were largely used to obtain a diagram which would satisfy the conditions 
at all supports. This Paper will make use of a construction! which 
tenders such tedious work unnecessary. 

Dr. Salmon has shown 2 that, by drawing a distorted diagram in which 


length 
spans were made proportional to sae instead of to length, beams in 


which # and J were not constant throughout the length could be solved 
by the same methods as beams with a constant # and J. He has further 
shown that symmetrical portal frames, symmetrically loaded, or frames 
with their nodes restrained in position, could also be solved by the same 
methods, by opening them out and treating them as continuous beams ; 
loss of symmetry, however, or movement of the nodes, or both, would 
render such a method inoperative. 

_ The solution of the portal frame shown in Figs. 2 (a) illustrates the 
case of fixed nodes and symmetrical loading. Figs. 2 (6) shows the con- 
struction for such a solution if the feet A and D (Figs. 2 (a) are hinged. 
It is supposed that the value of I is 100 for each side leg and 80 for the 


1 J, W. H. King, ‘“‘ Bending Moments in Continuous Beams.” Concrete and 
Oonstructional Engineering, vol. 34, p. 265 (May 1939). 
_ * See footnote (*), p. 85. 
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Figs. 2. 
(a) 
5 tons. 
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Mfj= + 2-78 tons-ft. 


M.= + 2-78 tons-ft, 
—12 units = 12 ft. 


AM, = Me= +313 tons-ft. 
12 units = 12 ft, 


z 
10 units = 8 ft. 


12 units = 12 ft. 


M, == Mg=— 1-56 tons-ft. 


12 units = 12 tt, 


horizontal member. In Figs. 2 (b) a straight line is drawn horizonta 
so that : 


12: 8 +12 
AB: BC: CDi: et aetigg 


AB, BC, and CD are trisected in the pairs of points m,my’, momy’, a 
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‘M3ms’ respectively, On BC is erected the negative bending-moment 
diagram which would result from the same loading, 5 tons, applied at the 
‘centre of a freely-supported beam. myro and Mo’fo’ are drawn so that : 


4 Met, = ; (moment of the area of the bending-moment 
si diagram BZC about C), 

and My’To’ = : (moment of the area of the bending-moment 
: diagram BZC about B). 

: Since in this case the load is centrally applied, 

s Moly = Mo’T2’ = — 5 ton-feet. 


ea 
Ny 


Furthermore, since there is no relative vertical movement of B and C, 
= 0, and so ry and ry’ are the characteristic points for the span BC. 
The points m;, m;’, mg, and m;’ are the characteristic points for the spans 
AB and CD, since there is neither loading nor relative deflexion between 
the ends of those spans. 


_ The characteristic points m,’ and rz on either side of B are joined 


z 


and the line m,’r2 cuts the vertical through B at the point k. mj/i is 
made equal to r2k. The known point in the R.M. diagram is A, since the 
moment at the hinged end A is zero. A is joined to the characteristic 
point m,’, adjacent to B, and Am,’ is produced to cut Bb (in this case at 
B). This point is joined to ry. The known point A is joined to i and the 
line Ai is produced to cut Br, at S. Sis then a known point on the R.M. 

liagram in span BC. The point S’ may be found similarly, or, in this 
case, by symmetry. SS’ produced both ways cuts the verticals through 
B and C at band c respectively. The complete R.M. diagram is AbcD. 
rimposing that figure as baseline on ABZCD, which is the diagram 
the freely-supported spans, gives the complete diagram for the 
ortal, as shown in Figs. 2 (6). The vertical support-reactions are 


ch 2-5 tons, and the horizontal reactions are each re 0-23 ton 


ing inwards. The moments at B and C are each 2-78 ton-feet, and 
e bending moment at the centre of BC is — 7-22 ton-feet. 

_ Figs. 2 (c) shows that the construction is similar for the case of built-in 
(fixed) feet, except that the known points in such a case are m, and ms’. 
this case, the reactions at A and B are each 2-5 tons vertically upwards, 
1d 0-39 ton inwards. The moments at A and D are each — 1-56 ton- 

ot. 

- The constructions given above will not serve for unsymmetrical cases 
mless the nodes are fixed in position. Before such cases are considered 
is necessary to discuss the case of a portal with horizontal loading at 


node. 
aa 


_of the characteristic points in the various spans, as follows :— 
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PortaL Frame with HorizontaL Loapine at A NopDE. 


Fig. 3 shows the general case of a portal frame having different values 
of l, E, and J for each leg. These different values will be indicated by 
the suffixes 1, 2, and 3 for AB, BC, and CD respectively. It is clear that, 
since there is no loading that would produce bending moments in the 
three legs, if freely supported, the heights of the characteristic points ii 
the various sections must be determined from the relative deflexions 
the ends of the separate spans. Within the limits of a practical case, | 
and C will move equal amounts horizontally, but will have no vertical 


Fig. 3. 


F —- “4 c 


movement relative to one another. If the movement of B and C (say 7 
to the right were known, then it would be possible to obtain the heights: 


22,1,4 
mf) = — ae and = my‘r,’ = + = as 
1 
Moly = 0 and Mg’ Te’ = 
2HsIg4 
Mgt, = — : 2 and = mg’rg’ = + = hee 
3 


Since, however, the value of 4 is not known, it is necessary to make | 
assumption. It is preferable to assume a value for m,r, 80 that :-— 


Mgfg =m") X pola 
By Tyls* 
mt)’ = — myn, 
and Mg Ts’ = — Mgfg. 


It is now possible to draw the R.M. diagram which corresponds to the 
assumed deflexion. From this diagram the value of the shear U corre 
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Figs. 4. 


(a) 


(4) 


12 units = 12 ft. 


10 units =8 ft. 10 units=9 ft. 
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(c) 


| 
18 are \ 
| \ 


My =—66 tons-ft. 
& M,=+ 85 tons-ft. 
Porta Frame wits Hincep Fret, uNDER 
Horizontat Loapine at A Nope. 


el 
BE 
Jee 


- 


onding to the assumed deflexion can be found, The correct moments, 
ca Bpgs 2 : : 

yn, etc., are ia times those on the arbitrary diagram, and can be mee 

d from it, either by calculation or graphically. 


Ps - 


yee ; é j a ‘ 


es, 


scale. Ifthe scale be determined, the value of the shear will be = + 


— 
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To illustrate this procedure more fully, the portals shown in Figs. 4 (a), 
p- 91, and 4 (a) will be solved graphically. The two frames are identical, 
except that the frame in Figs. 4(a) ishinged at the feet, whereas that in Figs 
5 (a) is builtin. His assumed to be constant throughout. The values of I 

; l 

for AB, BC, and CD are 100, 80, and 90 respectively. The ratios of z are 
therefore respectively 12:10:10, and the ratios of the heights of the 
characteristic points are respectively 10:0:16. If a value is assumed 
for m,r,, then the values of mr for the other characteristic points are 


Figs. 11 (a), p. 104, post). It should also be noted that in some cases the 
lines Om, and Ai produced may meet at such a small angle that the point 
S is difficult to determine. Such a contingency is more likely to occur in 
cases such as those illustrated in Figs. 7 (a), p. 98, post, and 11 (a). To 
avoid this difficulty, a good intersection may be obtained by the inter- 
section of Ai produced with any other possible R.M. diagram which satisfies 
the conditions of continuity at B. (This is so when a line joining the point: 
of intersection of the diagram with verticals at m,’ and mg passes through i 

The diagram of Figs. 4 (b) having been obtained, it will be seen that this 
represents the case when the shear, which is identical with the horizonta 
loading applied at B and C, is equal to 1:5 ton to some undetermined 


tons and will be negative, indicating loading to the right, as shown. 


moment at B will then be — Bb. <n ; Bb and Cc are scalar quan 
9 TR 
= Bhs , 15 
tities. Similarly, the moment at C will be Cc. Go Bb 
iene 
If the determination is to be done graphically, it is convenient te 
multiply throughout by 12 feet, when the construction shown in Figs. 4 (¢) 
will obviously give the correct values of the moments as indicated by My 
and M,, the sign being obtained from Figs. 4 (b) in conjunction with the 
knowledge that the sway must be to the right, which fixes ry’ above 
ABCD, or, alternatively, that the shear of the correct diagram must be 
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; Figs. 5. 


M.= + 37 tons-ft. 
Ma=— 50 tons-ft. 


M,=+ 35 tons-ft. 
M,=— 3-0 tons-ft. 


42 units = 12 ft- 


— Portan Frame wits Burtr-1n Freer, uNDER HortzonTaL © 
_.” Loapine at A Nopz. 
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4 
which was ae Xmj,’r;/ measured in the adopted bending-moment scale, 


and is given in feet where the bending: moment is in ton-feet. The i 
units of E and I are tons and inches. The values obtained for the — 
bending moments at B and C are — 6-6 ton-feet and + 8:5 ton-feet — 
respectively. | 

The portal with fixed feet (Figs. 5 (a), p. 93) is solved in a similar manner, 
by first drawing the trial diagram (Figs. 5 (b)) and then modifying the 
scale by means of Figs. 5 (c). It will be seen that for this case the shear 
has been multiplied by 9 feet instead of by 12 feet as in the case of 
Figs. 4 (c). It is immaterial what multiplying factor is used, so long as 
it is used for all the shears under consideration. It should be noted that 
the R.M. diagram abcd is the base-line, and that if the moments are given _ 
the correct sign, the shear is always given, with its correct sign, by :— 


bB= at. dD —cC 
Actual length of AB ‘ Actual length of CD 


for all such diagrams as Figs, 4 (0). 7 
Graphical solution of the portal frame shown in Figs. 4 (a) gives the 
following values :— 


M,= +35 ton-feet; M, = — 3-0 ton-feet ; 
M, = + 3:7 ton-feet; Mg = — 5-0 ton-feet ; 


the horizontal reactions at A and D are 0-54 ton and 0-96 ton to the left 
respectively ; and the vertical reactions at A and D are each 0-84 ton 
downwards and upwards respectively. 

Throughout the remainder of the Paper, all diagrams like Figs. 4 (b) 
and 65 (b) will be referred to as “‘ sway diagrams ”’, and all like Figs. 4 (c) 
and 6 (c) as “ shear diagrams.” . 


UNSYMMETRICAL PorRTAL WITH UNSYMMETRICAL VERTICAL LOADING. 


The portal frame shown in Figs. 6 (a), p. 96, has the same properties as 
those shown in Figs. 4 (a) and 4 (a), except that end A is built in, whilst end 
Dishinged. Itis first assumed that the nodes B and C are fixed in position, 
but can rotate, and the R.M. diagram abcd (Figs. 6 (b)) is drawn as in 
Figs. 2 (b) and 2 (c). It should be observed that the heights of the 
characteristic points in the span BC are not similar, since the loading is 
not symmetrical. If the corresponding shear diagram is drawn as in- 
Figs. 6 (c), it will be seen that the diagram abcd is tenable only if there 


exist horizontal restraining forces at B and C amounting to Hs from left 


to right, Release of B and C will permit sway, which must therefore 


~*~ 
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Seer ee 


V 
- correspond to ; — 9 from right to left to maintain horizontal equilibrium. 


_ An arbitrary a from right to left is, therefore, assumed and the sway 
te - diagram (Figs. 6 (d)) is drawn. Moments at A, B, and C of aA, b’B, 
_and c’C are found and the shear diagram (Figs. 6 (e)) is drawn. The 

latter i is reduced in scale until the total shear multiplied by 12 becomes 
y equal to V, and so the quantities Pp; Y, and r are determined. The correct 

diagram for the frame is then obtained by applying moments of 
+p at A, —q at B, and +, at C, in the diagram shown dotted in 
‘3 Figs. 6 (b). This is most conveniently done by shifting the points a, : 
and c by equal and opposite amounts to the positions a’, b’, and c’ 
_a’‘b’c’D then becomes the correct base-line. The complete diagram is 
& -ABZCD on the base-line a’b’c’ D, and indicates moments at A, B, and C 
of — 0-5, + 1-9, and + 1-8 ton- foot respectively. The sway is obtained by 


cs “multiplying that assumed for Figs. 6 (d) by +. The horizontal loadings 


at A and D are each 0-2 ton inwards. The vertical loadings are those 

_ produced by a 4-ton load 2 ae = B on a span freely supported at B 
= > B 

‘and C, modified by a shear os eee: ; the vertical loadings are thus 


1m 
3-01 tons upwards at A and 0-99 ton upwards at D. 


Figs. 7 (a), p. 98, shows the frame of Figs. 6 (c) with a more complicated 
loading. The diagram abcd (Figs. 7 (b)) for fixed nodes is drawn in the 
usual manner, and the shear diagram (Figs. 7 (c)) is derived from it, all 
terms being multiplied by 12. It will be seen that the fixed-nodes 
ndition implies a negative shear load applied at B and C (that is to say, 


THE GENERAL CASE OF THE RECTANGULAR PORTAL. 


Sem left to right), equal to — 7 The loading which is, in fact, applied at 


2 
and C, apart from loading caused by bending moments and restraints, 
comprises 2 tons applied directly at B, 0-5 ton applied at B by the loading 
the leg AB, and 1-5 ton applied in the opposite direction by the loading 
in the leg CD; this totals 1 ton from left to right (negative shear). The 


mount i is, therefore, still wanting and must be applied, by virtue of 


‘sway tothe right. In Figs. 7 (d) an arbitrary sway to the left is assumed 
this reverses the sign of the corrections and makes them directly applic- 
e to the fixed-nodes R.M. diagram without subsequent reversal of 
ign. The corrections obtained are the scalar quantities p, q, and 1, 
lied to the diagram abcD of Figs. 7 (6)) in the directions of a’’A, b’’B, 
eC (see Figs. 7 (e)) zeseegary: The result is the line a’b’c’D of 


Ce 
—— 


ee 


Ce ee 


i) ne ao Ne . 

os. oes 
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Figs.6. 


() 


My=+1°9 tons-ft. 


12 units = 12 ft. 10 units = 8 ft 
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Figs. 6. 


(c) 


eet paysite 
aa load at seeds is 2: . oa 0: oe ae 2: cu Sone to the left. 


=1. 55 ton nhendee 
Bi CER gt is | i adi by: 
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Figs. 7. 


Ma= + 6-02 tons-ft 
Ms = + 0°38 tons-ft 
M, = + 478 tons-ft 


*yOO} sed U0} 


a LLL Ahhh hhh Ahhh hdd dle () 


UNSYMMETRIOCAL PoRTAL WITH UNSYMMETRICAL VERTICAL AND 
Horizontat Loaprnas, 


seo 
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Figs. 7. 
() 


een PT ASS mt a sa CPE SANE Ey 
12 tons-tt- 


+ 
wr 
U 


Aa 


sii a 


SIMPLIFIED TREATMENT FOR A SYMMETRICAL FRAME WITH 
F UNSYMMETRICAL VERTICAL LoaDING. 

The symmetrical frame in Figs. 8 (a), p. 100, has both feet built in, and is 
jected to an unsymmetrical vertical load W. The fixed-nodes diagram 
wn in Figs, 8 (b), and the sway diagram for an arbitrary sway to the 
; i P 
in Figs. 8 (c). Wi for each span is represented by L, with the suffixes 
1, 2, and 3 referring to the spans AB, BC, and CD respectively. 


a eS Oe aS ee ae ee! 


Symuerricat Porran wita Bumr-1n ee oom 
VeRTICAL ae 


- 
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From Figs. 8 (b) : 
Bb=—2Aa and Cc=—2Dd 


? 


Ls 
l, X shear = 3(Aa — Dd) = 3— ZY mre — My To’ — =(Aa ~ Dd). 
1 


a. L 
This simplifies to : 
é chen tae ied) 


: 1,(2L_ + 3Ly) 
From Figs. 8 (c), 


B 

Q 

iS 

par 
—“_— 

3 

_ 

aP 

| 
col be 

ive) 

Zz 

> 
—— 

I 

iS 

wo 


It follows that : 
3L, + Le, 
*< 
; 62,4+ L 
and shear = — 7 (Aa! + Bb’) = 2Bb’. at os 
31,1, 

These two values of the a have been found from the pure geometry 
f the two diagrams without regard to sign, and it will be seen that, as 
both shears are positive, the value of the first obtained requires a minus 

sign i in order that this shall be so. If Figs. 8 (c) is the true sway-diagram, 


the value of the shear obtained from it added to the value obtained from 
Pigs. 8 (b) should be zero. It follows that : 


271, L5(myry — Mg’ Fo’) 


31, + 2D, 
Sip? 


Aa’ = Bb’. 


and mr = Bb’ 5 


EN eh ed aay ee 


yy 


Bb = 362, + La)(3Ly + 2) 
‘om which 
3Lg Moly — Mg’To’ 
Phlayond Reda ee 
is known also that m,r, = mgrg = — my’ry’ = — mg’r;’.. It is thus 


possible to find, from the known heights of the characteristic points in 
e span BC, the values to be used in the spans AB and CD;; this enables 
e bending-moment diagram to be drawn at once, as in Figs. 8 (d), with 
possible saving of time. A similar method can be evolved for the case 
hinged feet, but, for such case, a still simpler method is illustrated in 
igs. 9, p. 102. 

AbeD (Figs. 9 (b)) is the fixed-nodes diagram for ce frame of Figs.9 (a), 

d Ab’c’D is the true diagram. It is apparent that be and b’c’ will 
ct one another, and so bb’=cc’. It is clear also that, since the 
ontal loads at A and D must be equal and opposite, and no 
ents exist at these points, then Bb’ = Cc’. b’c’ could therefore be 


a | a ee 


ee ee ey eee 


“.) 
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obtained from be by drawing a horizontal line through its centre-poit 
Upon further examination, however, it may be seen that the same obj 
is achieved by adjustment of the characteristic points of span BC, unti 
their heights are equal, the adjustments necessarily being equal an 
opposite. This means that the adjusted characteristic points must be att 
the mean height of the free bending-moment diagram. The diagram of! 
Figs. 9 (c) is thus simply and immediately obtained. . 

Figs. 9. 


(a; 


Ww 


SYMMETRICAL PortTAL with Hincep Fret unpER UNSYMMETRICAL 
VeERTICAL LOADING. 


: Whilst all the cases treated hitherto in this Paper have dealt wit 
single point-loads, the methods are equally applicable to any system | f 


reactions which are of primary importance; once these are fixed, the 
actual shape of the free bending-moment diagram does not affect the 
R.M. diagram in any way. For the cases of mixed loads the heights | 

the characteristic points can be obtained for each load separately ar i 
added together in the same way as the free bending-moment diagrar 8: 
A simple graphical method is available for finding the characteristic pointe 
for a single point-load ; this is illustrated in Fig. 10. The free bendin 
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moment diagram AZB is drawn, and from Z a perpendicular ZY is 
drawn to AB. CD is drawn through Z parallel to AB so that AC 
and BD are perpendicular to AB. A and B are joined to D and C 
respectively, the lines AD and BC cutting ZY in G and H respectively. 
From G and H perpendiculars GJ and HK are drawn to BD and AC 
respectively. JK is then drawn. AB is trisected at m and m’, and 
perpendiculars mr, m’r’ are drawn to meet JK in rr and r’; rand r’ are 
the characteristic points. The validity of the construction is clear from 


Fig. 10. 


be De Sed be ee kn Ne, Ble 


he geometry of Fig. 10, for AK and BJ are the respective fixed-end 
moments at A and B for the given loading, 


: AY BY 
aamely, (w. BY?. 75; and W.AY2) am) 
3 CoMPLETE RECTANGULAR BRIDGE PorTAL. 


FSS 


~ In each of the preceding cases, the fixing conditions at A and D were 
cnown at the commencement, and so known points in the R.M. diagrams 
or spans AB and CD from which to commence the construction were 
tablished. For the frame ABCDA in Fvgs. 11 (a), p. 104, however, no 
ch points are known, and there exist, instead, conditions of continuity 
the corners A and B. It is possible, in a few special cases, to locate a 
nown point or points from consideration of the symmetry of the loading 
nd of the frame, but, in general, no such points are immediately avail- 
le. The Hardy Cross method is speedier in operation for this particular 
se, since both the fixed-nodes moments and the sway moments will 
1 ally be found to alter by only very small amounts after the third or 
urth balancing ; the Author’s graphical solution is, however, of academic 
st. The method evolved depends upon the consideration that if the 


is 


one span where the existing bending moment will not be altered. 


are located, but are free to rotate, then there will be a point in at 


‘ 
% 
; 
‘ 
f 
‘ 
% 
F 
- 
y 
7 
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Figs. 11. 
() 


() - . 


1} ton. 


Dh 


11} tons..g 
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3 his point will be a point of contraflexure in the case where no original 
‘Moments existed in the frame. It is evident that such a point will be 
fixed, whatever may be the value of the external moment or rotation 
applied, so that it can be located by drawing diagrams corresponding to 
two different rotations. In general, it will be found that fixed points, 
hereafter known as “ flex-points”’ to distinguish them from points such 
as S, and the already-known “fixed points” in use in a construction 
applicable to continuous beams!, will be located internally in three spans, 
and externally in the fourth span, although one is sufficient to enable the 
‘construction to be carried out. 
_ The fixed-nodes diagram (see Figs. 11 (b)) for the portal shown in 
Figs. 11 (a) is obtained as follows :— 
~ The frame is opened out in the usual manner, the leg DA being repeated 
for convenience. Then the characteristic points and the “i’’-points are 
located in each span. It is not necessary at this stage to include the free 
bending-moment diagrams, although this has been done in Figs. 11 (6). 
An arbitrary rotation is applied at A. This is obtained by drawing any 
Tine such as PiP’ cutting the verticals at the points of trisection of the 
spans nearest to A in P and P’. P is also located at the other end of the 
diagram. The dotted arbitrary R.M. diagram beginning at P’ and ending 
at P can then be drawn by the usual methods. A similar diagram is 
drawn for another arbitrary rotation, from Q’ to Q. These two diagrams 
Mntersect at the points F,, F,, and F3;; the production of the lines in BC 
would locate another point if required. F is used to locate an “ S”’-point 
in the span AD by working to the left. This is marked by Fy. There are 
ow two points in the span DA; da is thus located, and, by continuing 
ough the other located fixed points, the whole of the R.M. diagram 
da is obtained. If it be considered that the sway will take place 
wizontally, then the shear diagram (Figs. 11 (c)) can be drawn. The 
e final result would be obtained if a vertical sway were assumed, but 
diagrams of Figs. 11 (c), (d), and (e) would be different. It is seen 
the required shear should be 2-25 tons applied to the right at B; this 
s the 27 ton-feet in Figs. 11 (c) and determines the correction V. 
_ It is now possible to draw the sway diagram (Figs. 11 (d)) by assuming 
lative deflexions of the ends of the spans AB and CD only. This diagram 
be drawn as shown, where the flex-points are located by means of 
trial diagrams, or may be drawn by locating them from one trial 
gram and verticals from the already-established points in Figs. 11 (6). 
ese verticals can be located by drawing one diagram for an arbitrary 
tion of joint A for an otherwise unloaded frame ; the verticals required 
pass through the points of zero bending moment. One arbitrary 
am is then all that is necessary to determine the flex-points of 


. 11 ()). 


, London, 1934, p. 273. 


a Ewart S. Andrews, ‘‘The Theory and Design of Structures.” Chapman and é 
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Figs. 11 (c) is obtained from Figs. 11 (b), and the corrections 7, g, 7, @ 
s are determined. These are shown applied to the fixed-nodes diagra 
in Figs. 11 (f), where HEFGHE is the final correct R.M. diagram. 

In the diagrams shown, the values of I for the spans AB, BC, CE¥ 
DA are 160, 80, 120, and 160 respectively. Z is assumed to be consta: 
throughout. The resulting moments at A, B, C, and D are found to be 
+ 6:31, — 1:37, + 8-58, and — 10-76 ton-feet respectively. 


FurtHER ExTENSIONS OF THE METHOD. 


The methods detailed above can be adapted, with very little extra 
work, to the cases where the legs are restrained at one or more pointss 
from any movement other than rotary. For instance, if leg CD of 
Figs. 7 (a), p. 98, ante, were pinned at a point E, the span CD of Figs. 7 (6) 
and (c) would require to be divided into two spans CE and ED. Sway 
characteristic points would be utilized in spans AB and CE only, subse-- 
quent work following the same procedure as before. 

The further case of a portal with a horizontal strap joining the legs: 
AB and CD can also be dealt with without excessive difficulty, provided 
the strap is hinged to the legs. A diagram is first obtained assuming th 
ends of the strap to be fixed in position, thus locating the points of attach 
ment to the legs, but leaving the legs free to rotate. The resulting; 
diagram will determine certain reactions at the ends of the strap which! 
will, in general, be unequal. A further diagram can then be drawn to 
show the effect of a pure lateral movement of the strap-ends. This will 
again determine end-reactions at the strap. By using this second diagram 
to equalize the strap-reactions obtained from the first diagram, the com- 
_ plete correct diagram can be obtained. The work involved is about twice: 
that involved in the solution of Figs. 7 (a), for a frame similarly loaded,| 
and is therefore considerable. When the work and complexity of ant 
alternative solution is considered, however, it is thought that the graphical 
solution has points in its favour, in spite of the labour involved. As tl 
two cases just mentioned are rare, and require no new principle in thein 
execution, it is not proposed to give them in detail. 

The work can also be adapted to cases where there are several straps. 
as in some special cases of framed buildings. As a lateral movement of 
one strap would affect the reactions not only at its own ends, but also § 
all the other straps, it is clear that the work would involve the solution 
simultaneous equations, and would lose any superiority due to ease of 
execution after two or three straps. Here again the method is evident 
in view of the foregoing. . 


The Paper is accompanied by two sheets of drawings, from which the 
Figures in the text have been prepared. 
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_ Let T denote the tidal period. 

5 A ,, the depth of the water. 
ree ke 

2”? c ” V gh. 

wake. 4, of: 

2 ” ky ” oa] hg * 

a » the time. 

’ , € «4, anarbitrary time. 


vt ,, the length of the inlet. 
» 7 4, the tidal rise from datum. 


_ the inlet, at time ¢. 
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NOTATION, 


the tidal rise at the mouth, at time t=a cos (ot-+e). 


,,@ ,, the rise of tide at the mouth when cos (of + «) =1; 
, that is, a denotes the height of the high-water surface 
at the mouth, above datum. 


lished in the Institution Journal for October, 1941. 


_ ,, @ ,, the distance to a point measured along the centre-line 
from the closed end of the inlet. 


» Nz + the tidal rise at a point distant 2 from the closed end of 


3 Correspondence on this Paper can be accepted until the 15th April, 1941, and will | a 


at 


ea EE a ae 2 
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INTRODUCTION. 
Tue periodic rise and fall of the tides ranks as one of the most interesting : 


and important natural phenomena which come under the observation of ' 
engineers concerned with navigation, land drainage, and the possibility of ° 
utilizing the tides for power purposes. An outstanding feature of tidal | 
motion in coastal waters is the well-known increase of amplitude in sea- 
inlets, a notable example being that of the Severn, wherein the sp ing 
tidal range increases from about 27 feet in Barnstaple Bay to 40 feet at 
Avonmouth. Mathematical analysis, indeed, shows that such a mag nifi- 
cation of amplitude is to be expected, but there appear to be few, if any, 
experimental data of a quantitative nature to test directly the degree 
of accuracy of such theory, or to indicate how far the simplifying assump- 
tions made in the process of the analysis render it still applicable in | 
practice. 
The late Sir Horace Lamb discussed 1 the change of tidal amplitude in | 
- both parallel and convergent channels. In parallel channels with hori | 
zontal beds, the theory leads to the result 


. 


acos kx 
cos kl 


Ns = ood (of 4-<),  . 4... 


when the rise af the mouth of the channel is assumed to be simple harmonic, 
that is, | 


Ny =aoos(t+e «2... ee es | 


On the other hand, for a flat-bottomed channel with convergent sides, | 
the analysis gives 


y ad, (kx) ot 2 | 
= Jo(kl) C08 ( +. €) : . eA" a” SO wae (2) 
where Jy denotes a Bessel function of zero order. 7 


Certain aspects of these theories call for examination. These are a 


(1) How far are the results limited in application by the simplifyin | 
assumption that the tidal amplitude is small in comparison with the dept 
of water in which the wave travels ? 4 


“ee “‘ Hydrodynamics ” (Cambridge University Press), 4th ed. (1916), pp. 258 ar | 
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__ (2) What interpretation is to be placed upon h, the depth of water ? 
_ Is it the depth at low, mean, or high tide ? 

(3) Is the amplification of the tide in a convergent channel unaffected 
by the degree of convergence, as is suggested by equation (2) ? 


A further point of interest is the magnitude of the difference between 
_ the tide at the top of a channel which is Parallah and that at the top of one 
i _ which is convergent. 
s Now, with the origin at the upstream end of the channel, equations 
(1), (14), and (2), yield the following expressions : 


E wi, 
ee a) for a parallel channel =o =— 
vd 
= (6) for a convergent channel, nz — 9, = AT 
z 0 
o The significance of these two results is demonstrated by the following 
_ Table, which shows the amplitudes obtained by inserting different values of 
z. ol 
Hl (or =“): 
; TaB.eE I. 
al 
A Rati ae 
4 : al ee Ratio of results of formulas :— 
; oe a) da dad Fee PY Pk oe parallel : convergent. 
a Parallel. Convergent. 
4 0-3 1-05 1-02 1-03 
a 0-5 1-14 1-07 1-07 
: 0-8 1-43 1-18 1-21 
4 1:0 1-85 1-31 1-41 
12 2-76 1-49 1-85 
1-5 14-1 1:95 7:24 


It should also be noted that for ol/e = ; = etc., cos (al/c) = 0 


ind we =o, = %. Similarly, if (ol/c) = 2-405, Jo(Al) = Oand y= 0 = 
n the convergent channel. In practice, however, the analysis is not 
pected to apply when the amplitude is large in comparison with the 
th. 
“The Table suggests that the magnification is greater in the parallel 
n in the convergent channel, although the difference is not so pro- 
unced at low as at high values of ol/c. In either case, the magnification 
f amplitude increases with increase in the values of ol/c, and therefore 
r ything which increases the effective length of the channel, or anything 
ich increases the natural period of vibration, has the effect of i increasing 
tide at the upper end of the channel. This result follows since al/c 
ectly proportional to the natural period of the inlet. For example, 


A 


a | 
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Lamb 1 deduced that a cylindrical obstacle introduced near the centre of 
long and narrow rectangular tank has “ the effect of virtually increasing _ 
the length of the tank.” The importance of this was not realized by 
engineers until Professor A. H. Gibson, M. Inst. C.E.?, showed that it 
accounts for certain unexpected changes in tidal phenomena due to the 
erection of obstructions in the form of bridge-piers. 

Professor G. I. Taylor 3 extended Lamb’s analysis to the case of a 
channel in which both breadth and depth vary and are proportional to— 
the distance from the top. He derived the equation, 


9 = KdiQvV (kV (hat) ts (3) 


where K is a constant ; k, denotes o2x/hg ; h denotes the mean depth at _ 
distance « from the top of the channel ; and J, is a Bessel function of the 
first order. 
He demonstrated that the tidal amplitudes derived from this equation 
agree closely with observed phenomena in the Bristol Channel, over a — 
distance of about 61-7 nautical miles with the apex at Portishead. For the 
purpose of this calculation, he regarded the effective depth as that at low __ 
water; and the agreement with observation is especially remarkable in 
view of the wide tidal range involved. Thus, at the entrance to this 
channel, the range is 27 feet and the low-water depth 120 feet. Again, — 
at Portishead, where the effective (low-water) depth is taken as 0, the 
calculated range becomes 39-8 feet. It is also interesting to calculate the 
rise and fall of tide in the Bristol Channel if it be treated as a channel with — 
convergent sides, but with a uniform effective depth equal to (a) the 
average depth at low water over the 61-7 miles concerned, or (5) the height | 
of mean tide-level at the seaward end measured above the average level 
of the bottom of the channel. Utilizing the data plotted in Fig. 2 of — 
Professor Taylor’s Paper, the depth corresponding with (a) is 57 feet, © 
whilst that for (5) is 73-5 feet. Adopting the formula, 


ad (ka 


the comparative data given in Table II are derived. 
The methods of adapting formula (2) to this example in the way — 
described above are thus seen to yield a reasonable approximation 4 


1 Loe, cit., pp. 433-4, | 
* “ An Experimental Investigation of the Effect of Bridge-Piers and other Obstruc- 
tions on the Tidal Levels in an Estuary.” Journal Inst. C.E., vol. 8 (1937-38), p. 210 © 
(March 1938). | 
* “Tides in the Bristol Channel,” Proceedings Cambridge Philosophical Society, 
vol. 20 (1921-22), Pt. TIT, p. 320. . 
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~ certain places ; formula (3), however, is definitely more precise. More 
_ Tecent information for the Bristol Channel! indicates that the spring 
_ tidal range at Avonmouth (near Portishead) is 40-3 feet when that at 
z N ewport is 38-1 feet. This fact brings Professor Taylor’s calculated value 
_ for Portishead into even closer agreement with nature than appears from 
~ his original Table of comparative results. 


— TaB_e II. 
——_——_YYre eee eee 
ia Rise and fall of tide, 7: feet. 

a 

a Dictanve: », Calculated by : 

Station. from Portishead : 

a nautical miles. | Opserved, Formula (2). 

; Formula (3). 
¥ * * * h= 57 feet. h ee * 
aii 1a ae 61-7 27 27 27 27 
Ilfracombe . . 58 274 28-5 27-8 27-7 

ee 51-6 274 31-2 29-7 28-6 

Port Talbot . 47 29 32-8 30-8 29-7 
_ Porthcawl cs 42 284 34-5 31-9 30-7 
D 42 30 34:5 31-9 30:7 
Minehead. . . 30 32} 37-8 34:3 33-1 
Wa ; 25 34 39-0 35-2 34-2 
Bridgwater Bar . 194 35 40-0 35-9 35-3 
aes 153 364 40-4 36-2 36-2 

154 372 40-4 36:2 36-2 

New} BS 8 38 41-2 36:8 37°9 
Portishead . . 0 42 41-4 36:9 39:8 


APPARATUS USED IN THE EXPERIMENTS. 


The Authors’ experiments were carried out with the apparatus which 
is illustrated diagrammatically in Fig. 1, p. 112. Three model sea-inlets 
were used: one with an apex angle of 13 degrees; one with an apex angle 
f 6 degrees; and one of uniform width 3-5 inches, A few tests were also 
made with the 13-degree convergent channel blocked at a point 8 inches 
from its vertex. In all cases the channel-bed was sensibly level. The 
models were constructed of wood, which was thoroughly soaked with hot 

yaraffin wax to prevent warping; they were contained within a tank of 
vanized iron having an enlargement or tide-box at the downstream 


d, in which tides were generated. Along each side of the tank was a 


Be 2 « Construction and Operation of Severn Tidal Model.” Reports by Professor 
_H. Gibson, para. 205, p. 52. H.M. Stationery Office, 63-78-2, 1933. z 
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steel bar serving to support movable cross-bars, on which were mo 
measuring gauges of the micrometer type, graduated in thousandt 
an inch and arranged to take pointers of different lengths as required 
the various depths of water. Two sets of pointers were used; one 
of normal type, which could be brought down on to the water-surface, 


1 toot. 
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whilst the other was of the hook type, which broke the surface from k 
__ The normal type was used for the measurement of levels during t 
tide, and in particular for the high-water level, whilst the hook 1 
used for the ebb tide, and in particular for the determination of | 
level. By comparison with a standard pointer-gauge install 
tide-box, all the different observations were rendered conve 
- ae 


: PS, 
> m 9 
7 7 P ’ 7 


ey Pi eee re ey oc 


oq 
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depths of water above the inlet-floor, the level of which, relative to the 
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“standard gauge, was checked from time to time by bringing the pointer- 
“gauges into contact with a brass cube of known depth resting upon the 
bed. 

_ For the production of tides a plunger was used, as indicated in Fig. 1. 
This was given a very close approximation to simple harmonic motion by 
means of a “ donkey-pump ” mechanism and a linkage. The wheel W 
carrying the driving-pin D was belt-driven from a constant-speed motor. 
_A pulley on the shaft of this motor could be readily changed to provide a 
‘different tidal period. It was also possible to place the driving-pin at 
different radii on the wheel W, thus enabling three tidal ranges to be 
generated, which are described for convenience as “spring ”’, “ mean”’, 
and “neap”. Tide-levels were observed at three points in the centre- 
line of the inlet, and for the purpose of timing the mechanism and the tidal 
phenomena, a brass strip was fixed to the back of the wheel W. Ata 
“certain point in each tidal cycle this strip closed an electrical circuit and 
produced a flash in a small bulb. 

- Both convergent inlets were tested with two tidal periods, of 19-61 
“seconds and 12-16 seconds respectively, whilst the periods during the 
‘experiments on the parallel channel were found to be slightly shorter, 
probably owing to a different adjustment of the belt. The periods for 


Tapte IIJ.—Aprroxmatre TrpaL RAnNasEs. 


Converging inlet. | Parallel channel. 


inch. inch, 
Neap tides .| 0-12 to 0-26 0-22 to 0-24 
Mean tides . 0-27 to 0-49 0:42 to 0-47 
Spring tides - . 0:38 to 0-72 0:58 to 0-60 


1 Phe temperature varied from 13-1° C, to 18-8° C. No surface tension or 
Viscosity effects have been established. 


EXPERIMENTAL ACCURACY OF THE MEASUREMENTS. 


a The following conclusions as to the probable accuracy of the measure- 
ments are based upon the observed variations of the readings of one observer 
at different times, and also those of different observers during the same 
ie 

When static water-observations were made for the purpose of con- 
ting the zero readings of the various gauges, a pointer could be adjusted 
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to --0-001 inch, whilst in making tidal measurements, the micrometers _ 
could be read to --0-002 inch on the smaller ranges, increasing to --0-000 
inch on the larger, when fluctuations of the surface-level rendered observa~_ 
tion more difficult. Two static readings and two tidal observations were 
necessary, so that the total error in measuring the range at each point was . 
between -+0-006 inch and +0-012 inch, corresponding with an uncertainty 
of approximately 5 per cent. of the smallest tides and 1 per cent. of the 
largest. Similarly the smaller depths may have been in error by 2 per cent. 
and the greater depths correspondingly less. 


PRELIMINARY TESTS. 


The first experiments were designed to ascertain whether, with the | 
machinery provided, the tide-curve at the entrance to the model was of | 
simple harmonic form. These experiments showed that a very close 
approximation was obtained, provided that the depth of water was sufficient 
for the prevention of surging due to the creation and reflexion of waves 
from the top of the channel and from the plunger. In fact, provided that 
the conditions (which are discussed later) were favourable to the mathe- 
matical theory of the magnification of the tide along the channel, the tide- 
curve at the entrance was sensibly sinusoidal. | 


THe Maryn INVESTIGATION, 
Let pR, denote the ratio of the tidal range at B to that at A; 


» oRa +> 9) Tatio of the tidal range at C to that at A; 

» Ota 1» » ratio of the tidal range at C, to that at A; 
UPA 5» 53 depth of water at A at low water ; 

a Fi » » depth of water at A at mean-tide level; and 
ee & > 9, tidal period, in seconds. 


The positions of gauges A, B, C, and C, are indicated in Fig. 1. The 
graphs reproduced in Plate 1 are typical of the experimental results. | 


(i) 6-degree convergent channel. 
Figs. 2 (a): ¢,R, plotted against yh,. T = 12-16 seconds, 
” 2 (b) : oa ” ” pha: Dee 19-61 9 
” 2 (e) : oa ” ” ma. T= 19-61 ” 


(ii) 13-degree convergent channel. 
Figs. 3(a): Ry, plotted against yh,. T= 12-16 seconds. 
” 3 (b) + oR, 9 ” mia. T = 12-16 ” 
3 3 (ec): BR, ” 9 mia. T= 19-61 9 
» 3(d): oRy F py UrigghprOT em] O61) exge 
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(ii) 34-inch parallel channel. 
Figs. 4 (2): oR, plotted against hx. T— 12-10 seconds. 


STE To een 


» 4(6): oR, ~ ,, ee P1210"? OR 
< ” 4 (c) : pra ” ” mia. oh 19-52 x 
f ” 4 (d) 2 cRy a3 ” mia. T= 19°52 9 


___ Each graph includes the curve of calculated ratios based upon formula 
(1) or (2). As mentioned on p. 114, the maximum probable error in 
“Measuring a tidal range was about +5 per cent. for the smallest ranges 
“measured. In general, the observations may be expected to lie within 
: “+23 per cent., and correspondingly, the ratios of ranges at two places may 
_be expected to be within +5 per cent. Curves have therefore been added 
“showing the calculated ratios --5 per cent. Points within the band thus 
“formed may be regarded as in agreement with the formulas, although a 
ittle extra latitude might be allowed with small tidal ranges and small 
ratios of amplification. 


Discussion OF THE EXPERIMENTAL RESULTS. 


FS EV ORR 


(a) On the whole, the results agree better with theory when the mean- 
tide depth, rather than the low-water depth, is used for h in formulas (1) 
‘and (2). Comparison of Figs. 2 (6) and (c), and Figs. 4 (a) and (), Plate 1, 
‘illustrates this point. It may be argued, however, that the average low- 
water depth should be used, and not that at the seaward end of the 
channel. If that were done, the agreement with theory would suffer still 
“more than by using the low-water depth at A. 
(6) When the results at gauge C agree with mathematical analysis, so 
® do those at the intermediate gauge B ; and it may be assumed that the 
whole channel from the closed end to station A is behaving sensibly as 
Bnggested by the theory. 

(c) Comparison of Figs. 3 (a) and (6), (c) and (d), and Figs. 4 (c) and (d), 
Jate 1, indicates that the theory breaks down first at the upstream (or 
osed) end of the channel. 
 (d) Figs. 2 and 3, Plate 1, indicate that, over a wide range of conditions, 
he convergent law is not affected by the change from 6 degrees to 13 
egrees in the apex-angle. 

(e) It is regarded as established that the amplification of tidal ampli- 
ude is greater in a parallel channel than in a convergent channel (for an 
qual value of oljc). 

_ (f) The theory ceases to be valid, in a given channel, if the depth of 
ater is low, the tidal period is short enough, or the amplitude generated 
he mouth is sufficiently high. In order to fix rigorously the criterion 
the limit of the theory, experiments with many lengths and periods — 
uld be required. Dynamical similarity pct however, that similar _ 
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phenomena should occur if the depth and tidal range at the seaward er 
were each proportional to the square of the length, and inversely to the : 
square of the tidal period. The experiments show that the formulas ; 
are applicable when (a) the tidal range at the mouth does not exceed $h;; 
(b) the length of the channel does not exceed 1-30c/o, where ¢ = gh, : 
o = 2n/T'; and h denotes the mean-tide depth as measured at the mouth. . 
In the limiting case, when 1 = 1-30c/c, the range of tide at the top of 

channel having a level bed is 3-7 times that at the mouth, when the channel 
is of constant breadth, and is 1-6 times that at the mouth, when the sides 
converge to an apex at the top. Considering the example of the Sever: 
the mean tide-depth at the mouth is about 130 feet. The tidal rai 


Tas_eE IV. 
T = 12-16 seconds. 


Mean tide- 
Range at A: depth at A: 
inch. ches. B:A 
Calculated 
0-168 2-406 1-16 ‘ 1-29 
0-166 2-406 1-16 ‘ . 1:17 — 
0-161 2-401 1:13 ‘ < 1-35 
0-163 2-405 1-16 . 1-26 1-25 
0-159 1-672 : 24 1-41 1-38 
0-152 1-418 +33 1-51 1-49 
0-144 1-167 61 1-67 1-84 
0-142 0-962 -60 1-91 1-89 
0-147 0-707 ‘77 2-64 2:34 
: 0-378 2:277 1-21 1-28 1-33 
0-391 2-071 1-16 1-31 1-31 
0-388 1-821 1-21 1:37 1:33 


there is less than one-quarter of this. Moreover, 1-30c/o = 99 nautical 
miles, which is far in excess of the actual length of inlet considered. 
Accordingly the mathematical analysis would be expected to apply, s 
indeed it does. | 

(9) The effect of obstructing the 13-degree convergent channel by 
dam placed 8 inches from its apex was investigated, and the results shown 
in Tables IV and V were obtained. | 

In making the calculation for the theoretical results in Tables IV and V | 
the origin has again been taken as at the apex, as though the channel were 
not blocked. Within the limits previously indicated, the agreemen' 
between measured and calculated values is very close. = 4 

(h) The mathematical theory, which, incidentally, neglects friction, 
supposes the times of high water to be identical at all points along the 
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channel, the length of which is supposed to be limited by the considerations 
of paragraph (f). In most of the experiments the time-differences of high 
water were small: they did not, in general, exceed 0-5 second, or one- 
twenty-fourth of the shorter period, and the theory was approximately 
obeyed. When, however, the depths became low, or the tidal range high, 
time-differences of as much as 1-5 second were observed, accompanied by 
surging of the water-surface, and the agreement ceased. 

_ On the other hand, in the Bristol Channel, to which Professor Taylor’s 
analysis refers, the time-intervals between high water at the mouth and at 
Portishead are considerable. Between Swansea and Avonmouth they are 
of the order of 1 hour. The critical factor appears to be the preservation 


he TABLE V. 

e T = 19-61 seconds. 

“ 

3 Ration of ranges. 

ee Mean tide- 

_ Range at A: depth at A: 

% inch, inches. B:A C,:A 

ee 

4 Calculated. Measured. Calculated. Measured. 

fe 0-163 2-403 1-05 1-06 1-09 1-09 

— 0-161 2-174 1-06 1-06 1-10 1-10 

= 0-164 1-914 1:07 1-06 1-11 1-12 

eS 0-164 1-659 1-08 1-08 1-13 1-16 

«0-158 1-422 1:10 Pid Ti 1-22 

ee «60-155 Sa Wes 1-12 1-14 1-19 1-25 
E 0-153 0-928 1-16 1-14 1-26 1:24 
© 0-147 0-691 1-23 1-20 1:37 1-39 

3 0-401 2-293 1-06 1-05 1-09 Veil 

0-397 2-060 1-07 1-07 1-10 1-10 


1-08 1-08 1-12 1-13 


: ‘an approximately sinusoidal tide-curve throughout the inlet, and this is 
ally accompanied by a nearly uniform mean-tide level. 


. 


CONCLUSIONS. 


The results of the investigations demonstrate that, within certain 
icated limits, close agreement exists between theory and experiment, 
they confirm that the amplification is greater in a parallel inlet than 
1 convergent inlet of equal length and mean depth. 

No significant difference was observed in the behaviour of two con- 


srgent channels, one of 6 degrees and the other of 13 degrees apex-angle. Ae ; 
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The Paper is accompanied by thirteen diagrams, from which Plate 1 
and the Figure in the text have been prepared. : 
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Students’ Paper No. 942. 


“Foundations for Basement Buildings Adjoining Existing 
Property.” 


By Sypney Kennetu Jorpan,* Assoc. M. Inst. C.E. 


(Ordered by the Council to be published with written discussion.)1 


TABLE OF CONTENTS. 


INTRODUCTION. 


[ux problems associated with the foundations of buildings in congested 
areas are particularly involved, as it is necessary to ensure not only that 
the structure is sound after completion, but also that the work is arranged 
in such a sequence that surrounding properties, as well as highways and 
public services such as gas and water mains, are not endangered during 
the progress of the work. 


SHORING. 


' The shoring of adjacent walls and strutting to excavations is a very 
important part of a Contractor’s work, and all timbering should be under 
e charge of an experienced timberman whose sole responsibility should 
the inspection and care of all timberwork, including the slackening and 
htening of wedges during wet weather. All proposed shoring and 
derpinning of party walls should be prepared as early as possible, 
ether with a survey of any cracks in adjoining buildings; agreement 
uld be reached with their owners’ surveyors before any work is begun, 
nsure that no unjust claims for alleged damage can be made while 
molition or rebuilding is in progress. 


* Former Stud. Inst. C.E. 
1 Correspondence on this Paper can be accepted until the 15th April 1941, and will 
Je published in the Institution Serica for October 1941.—Sxc. Inst. C.E. 
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Shoring can be divided into three types :— 
Raking Shores (Figs. 1, 2, and 3). 


wa 


Raking shores are, by far, the most common type, but unfortunately 
mpave many disadvantages. In the majority of office buildings taken to the 
maximum height in the city of London, the stanchion foundations adjacent 


4 


Fig. 3. 


y Scale: 1 inch = 16 feet. 
f Feet 54 3 210 5 10 feet. 


Secondary struts 
to counteract cross 

strain and bind 

timber together/ 


Cleats should be 
¥ approximately at 
floor level, 


o, Oak folding wedges. . 
“| ~ 2” or 3” thick planks. 
° 


6:1 concrete. 


the party walls occupy most of the ground area ; therefore, it is usually 
ficult to arrange these shores in such positions that they will not inter- 
with future work or existing chimney breasts. The needles of raking 
res should be in such positions that the thrust is taken by the floors of 
ining buildings, but in many cases this is impracticable, as the rakers 

foul new steelwork when erected. This should be avoided, as any 
oving of shores is not only inconvenient, but also dangerous. The sole- 


—m ? 


— 


bearing on a concrete base on a firm bottom, must be at a lower level 7 
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SE a ee ee 
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than any subsequent adjacent excavation, and, at all times, care must be 
taken that rakers are not jarred or disturbed during rebuilding operations. 


Figs. 4. 


Scale: 1 inch =8 feet. 
Inches 1260 12 3 4 § 10 feet. 
er 


{lH I 
mi 
ill 


7x 7" timber 
with oak wedges 
at ends, 


—9" x 3" wall ete 


TYPES OF FLYING SHORES. 


Flying Shores (Figs. 4). 


Flying shores should be used in preference to raking shores, as t 
construction of the foundations, together with the placing of heavy foun 
tion-girders, can be done more conveniently without the congestion of t! 
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three or four timbers and sole-plate at the bottom of raking shores. It is, 
however, unusual to adopt this type, as in practice there are few cases 
where the walls to be shored are less than 30 feet apart; for a greater 
J pan than this it is undesirable to use a flying shore, as the scarfing and 
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A Steel straps or channels running horizontally along the wall-face, at 
g-levels of adjoining property, with steel bars tied back to columns or 
rs, effectively hold in the wall, and, at the same time do not interfere 


i 


d by Mr. B. L. Hurst, M. Inst. C.E., and has been used with con- — 


th the construction of the new work. This method was first intro- 
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siderable success in the city of London where other systems would have 
complicated the work owing to site congestion. 


FouNDATIONS. 


Trial holes should be put down as soon as possible, preferably at the — 
corners of the site, thereby approximately determining the slope of the 
strata, and, if practicable, they should be used as underpinning holes, if 
underpinning is necessary. Positions of trial holes should be marked | 
on a plan, and accurate records of the strata passed through, and of the — 
standing-water level, should be noted, together with details of existing — 
wall-footings. Trial holes should be carried down to a greater depth than’ 
the proposed lowest level, as a poorer stratum may exist below, or, on the’ 
contrary, a much better bottom may be found by excavating to a slightly 
greater depth. The increase in foundation-area, together with the grillage 
necessitated by a shallow foundation, may be more expensive than the | 
deep excavation with the stanchion load from a steel-slab base spread — 
through the mass concrete at an angle of dispersion of, say, 60 degrees. 
If practicable, the foundations should be kept above standing-water level 
to prevent complications entailed by the use of timber runners, steel 
sheet-piling, or other unforeseen difficulties which often arise when working _ 
in water. The usual sequence of foundation construction is :— 


(1) Underpinning. 
(2) Retaining walls. 
(3) Excavation of dumpling and construction of internal foundations. — 


UNDERPINNING. 


All walls of adjoining properties should be underpinned if any excava- 
tion deeper than the existing wall foundation is to be done within 10 feet 
of the party-wall face; this, however, is a general rule only, and all 
proposals for underpinning should be to the satisfaction of the surveyors’ 
of adjoining property. Underpinning holes must be excavated from the 
side of the new work, and, if convenient, should be completed befo 
demolition is begun, and the cross walls removed, as these prevent any 
possible settlement of the party wall during the underpinning. This is 
constructed in short lengths under existing footings, and carried dow 
to a lower level than any subsequent adjacent diggings for retaining wall 
or foundations. Each hole should be from 4 to 5 feet square to allow a 
skip to remove the spoil, whilst, in order to reduce the area of excavation 
the existing projecting footings are cut off as each leg is begun. Under- _ 
pinning holes should be done in groups of six in the following sequence : 
1, 4, 2, 5, 3, 6 (see Fig. 6), the legs of the same number being begur 
simultaneously. This order leads to simplicity in timbering, as holes fo 
legs Nos. 2 and 3 have four-sided timbering, and excavation for inter 
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It is important that the setting out of underpinning legs should be 


Recess in underpinning, 
4)” deep, 3'.0" wide. 


a 
. Fig. 6. 
+ 


Back of underpinning. 


Pye apes 


| = : 12.1 concrete 


F~ omitted over 
; hatched portion. 
In cases where foundations 

overlap with timber shores, the : 
latter are cased with sheet metal Scale: 1 inch = 16 feet. 

to facilitate the removal of the Feet 543210 5 10 feet. 
timber and the subsequent filling Ct 

with 6: 1 concrete 


jhe same time, the excavation for the next-numbered hole is commenced. 
Vith this arrangement, not more than one-third of the wall is left unsup- 
orted and at the same time the various tradesmen, such as excavators, 
creters, and bricklayers, are kept almost continuously at work. If 
wall is considered to be in a dangerous condition, each leg should be 
pletely pinned up before the excavation for the following hole is 
ommenced. 

- Generally all external corners should be underpinned first, but, as 
all foundation work, each job must be considered according to the 
articular conditions. Joggle joints should be cast in sides of the legs 
onstructed first. Such joints should be made by side timber walings, the 
soncrete being cast against poling boards; in addition, longitudinal rods 
¢ in reinforced-concrete underpinning should be left projecting from the 
s of the first legs to bond into later legs when constructed. In cases 
ere the bottom is below standing-water level or on loose ballast, it is 
isable to arrange the levels of the bottoms so that any subsequent 
> avation immediately alongside is 4 inches higher, to prevent any danger 
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of undercutting new work. Bottoms of underpinning legs must be wide 
enough to carry existing party walls, any raisings to suit new build ngs, 
and the horizontal earth-pressure, whilst the thickness of the vertical 
part of the legs must be in accordance with the clauses of the London 
Building Act dealing with party-wall heights. If the underpinning s 
shallow, mass concrete is used, but deep underpinning should be of 

reinforced concrete and should be designed as a retaining wall. Rapid- 


Existing footing 
to be cut away. 


New basement floor. 
= SS. Se 


12:1 concrete 
cerried down toa 
bottom for a safe 

bearing-pressure of 
3 tons per square foot 

to the approval of 
the District Surveyor. 


Sand filling, well 
consolidated, or 
20:1 concrete 
filling, 
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hardening cements should not be used in underpinning, as the excessiv t 
shrinkage will cause slight settlement. 


Mass-Conerete Underpinning. 


A typical example of shallow underpinning was encountered on a job | 
at 50/51 South Audley Street, London (Figs. 6 and 7). The excavation | 
was carried down 6 feet from the existing basement, and 4 feet out from | 
the wall, buf below this depth the width was reduced, as the men were 
not impeded by the footings. 12-to-1 concrete was used up to the 6-foot | 
level (see Fig. 7), and above this, 6-to-1 concrete, allowing for 18 inches of 
brick pinning up to the underside of the existing footings with hard stocks 
in 3-to-1 cement mortar. In places where the underside of the footings: 
was rough, the last inch of -pinning was done with “ damp ”-mixed 
fine concrete, rammed tight. The brick pinning was toothed at the side 


Bist 
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) bond with the adjoining legs, and the working space was filled with 
20-to-1 concrete or suitable excavated material, rammed solid. 


a: 
_ Reinforced-Concrete Underpinning. 
4 The procedure for reinforced-concrete underpinning is generally the 
ame as for the mass-concrete type, except when the underpinning is done 
before demolition and skips cannot be used for removing spoil ; in such 
a case, the working space in front of the wall has to be increased to enable 


the spoil to be thrown on to platforms. 


Retarmninc WALLS. 


The types of retaining walls most frequently used in steel-framed 
buildings are :-— 

_ (1) Reinforced-concrete cantilever. 
_ (2) Reinforced concrete, strutted. 
(3) Mass concrete. 

__ (4) Steel-framed cantilever. 
(5) Steel framed, strutted. 


os 


oe 
bY 


einforced-Concrete Cantilever Retaining-Wall. 


The reinforced-concrete cantilever retaining-wall is the easiest and most 


Asphalt laid on 
reinforced-concrete pavement ! 
slab and covered by 3” of 
protective concrete. 


Centre-line of stanchion. 


Reinforced-concrete basement 


=! Centre-line of stanchion, 


Retaining 
wall. 


Agphalt laid on concrete bed and covered 
by 2” of protective concrete. 


- orting, the dumpling can be removed without having to strut the wall; _ 
uently, the construction of internal foundations, fixing of heavy 


af 
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grillages, and other work in basements is done in an open site, there 
making for quickness and better workmanship. In the majority of ca 
of retaining walls, they have to serve as foundations for the front row 
stanchions, in which case the toe is designed for a temporary conditi 
transmitting the horizontal earth-pressure from the wall on to the ground, 


Fig. 9. 
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and for a final condition, spreading the load from the stanchions in addition, 

In some cases, when the bottom is good and excavation can be reducec 
and it is unnecessary to have a thick reinforced-concrete toe for : 
temporary condition, the loads from the spreaders are distributed 
rolled-steel joists built into the toe. 
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waterproof rendering is used on the front of the wall, the following method 


‘is dependent upon the method of waterproofing used. If asphalt or 
: adopted :— 


<1 


_. The trench is excavated down to a required bottom, frames being put 
in as each 3-foot depth is excavated (see Fig. 9). The horizontal struts 
<* 

% Fig. 10. 

, Existing Posts and struts may be removed when ground-level. 

‘ mm the soldier is fixed, but itis usual to do so 
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Construction 


joint. 
oS 


x 
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into adjoining leg 
when constructed, 
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wedged off the back walings, and the front walings are packed off the 
ling boards by 12-inch by 4-inch blocks, to enable the vertical reinforce- 
ent to be dropped from the top, between the walings and poling boards, 
aereby increasing the effective thickness of the wall and enabling the 

mber walings to be removed in one piece, and re-used elsewhere ; this 
would be impossible if they were behind the rods. 
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The lowest 3 feet or so of the excavation is not framed if the ground 
will stand up, but directly the bottom has been reached and approved, : 
should be covered with a layer of rough concrete, as it will quickly 
deteriorate if exposed to the weather. The rods are fixed in position and 
the toe is completely concreted, horizontal construction-joints being left at 
the ends, together with holes on top of the toe, one to each set of horizontal 
struts. 

Fig. 11. 


Approximate pavement-level 
Scale: 1 inch = 6 feet. 7 
Inches 1260 1 2 3 4 §5 10 feet. 
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Soldiers are then fixed in these holes, and spiked and cleated to the | 
horizontal struts (see Fig. 10), except the bottom ones, which are remov od 
with the lowest frame and replaced by struts, one at a time, between { he 
soldier and the back waling. The shuttering for the battered face is fixed t 
the soldier, and dovetail blocks are fixed at the ends to form construction | 


~ 2 


joints. If the ground will stand vertical, the poling boards are removed | 
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_ and concrete is rammed back to the earth face ; If, on the other hand, it is 
_ thought necessary to leave in any timbering, this should have been previously 
_ creosoted under pressure. This procedure is repeated for each frame until 
the wall is complete. The thrust from the ground at the ends of the 
trench is transmitted through short longitudinal timbers (between the cross- 
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Y Fig. 12. 
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of 6: 1 concrete. 


runners left in. 


ruts) which are transferred on to the soldiers as each set of cross-struts 
removed. Longitudinal rods between walings are left projecting, and 
urned down to bond into the next length of wall when constructed. 
Fig. 11 shows another type of wall (at the National Mutual Assurance 
iety’s premises, Cheapside, London, E.C.),on which the waterproofing has 
nm carried down the back of the wall; this necessitated the construction 
brick or concrete skin as a base for the asphalt. Concrete walings (see 
. 12) were cast in situ at the front of the wall by excavating a 3-foot-. 
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deep trench, driving dowel rods into the ground ahead of the excavatio ay 
and casting a 6-inch-thick continuous reinforced-concrete waling which — 
was strutted back to the dumpling. The next 3-foot frame was excavated, 
the previous operations being repeated and the concrete walings bonded 
to those above by the rods previously driven into the ground. Thi 


Fig. 13. 
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procedure was carried out until standing-water level was reached, 
which level timber runners were driven down the face of the waling 
a 6-inch-thick concrete seat was then laid, and a 44-inch brick wall 
built against runners. Asphalt was laid on the base concrete and up the: 
face of the 44-inch brickwork and concrete walings. This method w 
originally devised by Dr. Oscar Faber, M. Inst. C.K. 

The subsequent reinforced-concrete construction (see Fig. 13) ar 
removal of the timbers was similar to the previous method described. 


- 


‘The former type is preferable, as the asphalt can be laid during the building 

_of the superstructure, and in an open space in one operation, enabling 
large areas to be completed in sections, thereby reducing the weak points 
which are likely to occur at asphalt joints. In the latter case, however, 
no reinforced-concrete lining is necessary to withstand the water-pressure, 
_and so there is a saving of about 9 inches to 12 inches of basement. This 
Saving does not appear to be justified, for considerable difficulty is 
experienced in asphalting in close-timbered trénches, thus tending to 
reduce the quality of the work, as well as causing the inconvenience of 
having to recall the asphalt contractor as each section of retaining wall is 
_teady for waterproofing. On this occasion, however, such a method was 
the only way practicable, because the site was narrow and had only 
external columns ; it was thus necessary to balance the stanchions across 
_ the site and to spread the load longitudinally by a reinforced-concrete raft. 
a 
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" Reinforced-Concrete Strutted Retaining-Wall at Bentall’s Store, Kingston-on- 
Thames. 


& The reinforced-concrete strutted type of retaining-wall is rarely used, as 
it is essential to keep the wall strutted until the pavement and the ground- 
floor slabs, resisting the thrust, are cast ; it has, however, the advantage 
of reducing the thickness, being calculated as a spanning slab between the 
floor-levels. Care should be taken during calculation to ensure that 
"girders trimming openings in floors, such as stair- and lift-wells, are strong 
Bough about the vertical axis to transfer the thrust to the stanchions. 
Zo In this particular instance (Fg. 14) the wall was constructed before 
“demolition, the existing brick retaining-wall being underpinned and used 
e a backing for the asphalt. 


Mass-Concrete Retaining-Walls. 


_ All engineers are familiar with the mass-concrete type of retaining-wall, 
_but owing to the thickness required for stability, such walls are rarely used 


__ Fig. 15 shows an unusual type of steel-framed cantilever retaining-wall 
Bentall’s store. In this case it was imperative to reduce the excavation 
much as possible, since the bottom was about 5 feet below standing- 
er level. Consequently the thickness of the toe at the grillage trough 

reduced to 1 foot, which would have been impossible in reinforced 
crete. The frames were at 3-foot centres, the intermediate spaces 
ng filled with mass concrete. In this case, the joist frames were used to 
hstand the horizontal earth-pressure in the temporary condition, and 

trong enough to spread the stanchion loads finally. 
10 . 
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Steel-framed Strutted Retaining-Wall at Peter Jones’ Store, Sloane Square, 
London. ; 
The steel-framed strutted type of retaining-wall (Fig. 16) has, of 
course, the same disadvantages and advantages as the strutted reinforced- 
concrete wall, but is more practicable for walls of more than one floor — 
height. The excavation is carried out in exactly the same manner as for 
the cantilever types, except that blocked walings are not necessary. 


Fig. 14. 
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Immediately the bottom is reached, a bed of concrete is laid and bond rods 
are cast in, chases being left in the top. The frames are erected, and th 2 
bond rods are bent over the tops of the joists, to prevent the back of th _ 
wall lifting. Cleats are riveted to the underside of the joists to fit in the - 
chases, in order to prevent the upper part of the wall from sliding due 0. 
horizontal pressure. The backs of the vertical joists are kept 9 inches 
from the face of the excavation, to suit 2-inch poling-boards and 6-inch- 
thick walings, thus giving 1 inch clearance between the latter and the _ 
joists, and so enabling all the timbering to be withdrawn. Pockets are 
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left in the wall and toe where struts occur, so that the latter can be removed 
and used again on another section of the wall, or in the superstructure ; 
but, of course, they are not removed until the basement-floor slab is 
cast. The vertical joists were designed as cantilevers from the basement- 
level, to span between the sub-basement and the basement and to take 
the direct tension induced from the raking struts; the bottom joists are 
subject to the bending due to the upward pressure, the tension from the 
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vertical joist acting as a point load at one end, and the downward force 

from the raking strut acting as a point load at the other end. 

e At sections of the wall where stanchions occurred the bottom joists 

were used to spread the load to the full width of the toe, the sizes being 

modified to suit permanent conditions as necessary. 

After the underpinnings and retaining walls have been constructed, 
he dumpling may be excavated, and then the foundations for internal 
columns can be constructed. The most common type is the grillage 

foundation (Figs. 17), with which all structural engineers are familiar, 
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The thickness of the concrete underbed is calculated by spreading the loa 
from the bottom-tier joists at an angle of dispersion of 60 degrees, the joists: 
being usually kept 1 foot from the edge of the concrete. 7 

For large foundations it is advisable to have concrete walls to retain: 
earth from falling on to the concrete during the grouting of the grillage, 
but in the case of small foundations these can be dispensed with by using 
temporary timbering. The use of such timbering is impracticable for large 
foundations, as the necessary intermediate struts to long walings hinder 
the placing of the heavy grillage girders. 

In cases where the excavation depth must be a minimum, the bottom- 
tier joists are built into the foundation, allowing a minimum concrete 
thickness of 4 inches under joists. In this case, however, care should 


taken to ensure that the pressure from the top-tier girders on the grout is — 
not excessive, the width of the flange-plates being fixed to give a stress 
not more than 30 tons per square foot on 1 : 2: 4 quality concrete. 

Where columns are external or adjacent to party walls, and where it is 
impossible to encroach beyond the boundary of the property, it is necessary — 
to balance the loads from these columns with those of an adjacent row of 
columns. This should be borne in mind when preparing the preliminary 
steel framing, if architectural considerations permit. 


BASEMENT TANKS. 


An asphalt lining to basements is the most common method of water- 
proofing underground structures, but owing to the settlement of founda-— 
tions after the completion of the building, no matter how small, there is 


a minimum by specifying soft asphalt, which is quite plastic. Another 
fault is the weakness of dirty joints or the possibility of poor workmanship. — 


ing for large areas to be laid in positions which do not cramp the workmen 
in almost inaccessible positions, such as close-timbered trenches. Rein- 
forced-concrete linings have to be provided on the walls to resist horizontal 
water-pressure (see Fig. 8), and the floor must be designed to resist upward 
hydrostatic pressure. The resultant uplift, over and above the dead 
weight of the concrete floor-slab, is taken up by spanning the slab on to 
the concrete foundations, dowel rods to take the tension being built in — 
the foundations as necessary. e| 
The asphalt can either be carried down behind the retaining wall and — 
under the foundations, or alternatively in front of the wall and under the 
grillages or over the top-tier girders, in which case, seals are needed at the 
stanchions. The disadvantages of the former method are that the grillage 
pits must be asphalted, and a 2-inch protective concrete bed must be laid 
before commencing the erection of the steelwork. The grillages must 
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also be designed so that the pressure of the steel on the asphalt does not 
_ exceed 3 tons per square foot, 


Z Leap SEAL. 


When lead sealing (F%g. 18) is employed the asphalt and steelwork 
contractors are quite independent of one another, the former being able 
_ to carry out his work after the steelwork contractor has erected the lower 
_ steelwork, A #-inch-thick mild-steel plate, coated on top with bituminous 
_ paint, is fixed to the slab base or grillage by countersunk bolts, after which 
a 5-lb, lead sheet, projecting 9 inches on all sides, and a $-inch-thick mild- 


4 Fig. 18. 
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MATERIAL IN BASES: 
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steel plate, coated on the underside, are set-screwed to a j-inch plate. The 
stanchion is then erected with holding-down bolts screwed tightly to the 
slab or grillage. The projecting lead sheet is then turned up on all sides, 
and the concrete grillage-casing is cast up to the underside of the j-inch 
plate, Later, two-coat asphalt is laid up to edge of the }-inch plate, and 
- the lead sheet is turned down and carefully beaten on to the asphalt, after 
which the top surface is coated with bitumen, The last coat of asphalt 
‘is then laid over the asphalt and lead sheet, and a 3-inch-thick skirting is 
carried 12 inches up the stanchion. The concrete floor slab is then cast. 
With this method it is essential to ensure that all the bolts are tightly 

‘screwed in bitumen, and that the lead is compressed, thus preventing 
leakage at the bolt-holes. 

In cases where the asphalt is carried under the grillages, the basement 
b can be tied down to the foundation by U-bars under the grillages. 
his is impossible in the case of the lead seal, as the bars would pierce the 
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asphalt. The uplift of the slab is taken up by the 4-inch-thick reinforced- 
concrete casings round the stanchions up to the underside of the floor-slab 
above. : 

The great drawback with asphalt is the difficulty of tracing and repair- ; 
ing leaks; water has been known to penetrate the concrete lining as far : 
away as 20 feet from the actual crack in the asphalt. There are various 
brands of waterproofing cements on the market, which are applied as : 
renders. These are expensive, however, but as they adhere very well to _ 
the concrete, it is unnecessary to have a reinforced-concrete lining ; corel 
sequently, any subsequent leak can be quickly noticed and repaired. 

Waterproofing compounds can also be added to well-graded concrete, 
but particular care must be taken in mixing, and at construction joints, as 
any faulty workmanship makes their use ineffective. ' 

It is not intended to cover all types of foundations in this Paper, the 
methods outlined being applicable only where compact strata with : 
bearing qualities have to be contended with. In cases where the soil is 
poor, or excessive water is present at shallow depths, it is usually necessary — 
to resort to reinforced-concrete piles or rafts. The former can be divided — 
into three classes: driven pre-cast piles; driven cast-in-situ piles; and 
bored cast-in-situ piles. Considerable care must be taken if driven piles 
are used, as the vibration during driving might endanger the adjacent 
properties. It is, therefore, advisable to obtain the adjoining owner’s _ 
permission to drive piles, as injunctions might be served to restrict the 
noise at certain times, if not completely, thus holding up the job and 
necessitating resort to different methods. 

Recently, new processes have been developed, such as chemical con- 
solidation of sandy subsoils, and water-lowering by sunken wells, both of — 
which were used with considerable success in the construction of a large 
multiple store, thus enabling the new foundations and asphalt tanking to — 
be constructed while the existing buildings above were retained as shop- 
ping space. Although these processes are, naturally, more expensive than 
the normal methods at present in use, they permit such a saving in time 
that, in this particular instance, approximately 3 months of shopping time 
was saved, which more than compensated for the extra initial cost. 

In conclusion, the Author wishes to express his thanks to Messrs. B. L. 
Hurst & Peirce, Consulting Engineers, for permission to illustrate the 
details of the foundations, all of which were devised and carried out under 
their supervision and which, in many cases, embodied special methods 
devised by them. 


The Paper is accompanied by eighteen sheets of drawings, from some 
of which the Figures in the text have been prepared. 
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CHARLES HAWKSLEY PRIZE, 1940. 


Competitors for the award in 1940 of the Charles Hawksley Prize were invited to 
. ae designs of one of the following engineering structures, fulfilling the requirements 
stated :— 


1. It is proposed to construct a water tower carrying a covered tank, for an 
urban water supply, with a capacity of 150,000 gallons, the bottom of the tank 
being 75 feet above ground level. The ground below the tower is clay overlying 
rock 25 feet below. 


Li 


aN 


ri 2. It is proposed to construct, at the intersection of two main roads in a built-up 
f- area, a traffic roundabout having an underground garage which might, in emer- 
eo gency, be used as an air raid shelter. The roads are 85 feet wide (dual carriage- 
= ways each 30 feet wide, two footways each 10 feet wide and a centre division 
a 5 feet wide). The central island roundabout is to be, in area, approximately 
‘C equivalent to that of a circle 240 feet in diameter. The shape of the island may 
= be varied from a circle to improve the traffic facilities. It is to be surrounded 
z by a carriageway 40 feet wide, with an inner footway 3 feet wide and an outer 
a footway 12 feet wide. 


‘ty 


\y 


The car park and shelter may extend under the carriageway of the roundabout, 
and should be so designed as to give easy access to pedestrians and motor vehicles. 

There is blue clay at a depth of 20 feet below ground-level, with a 3-foot bed 
of gravel above it and made-ground above the gravel. 

Drawings submitted should include a general plan, cross-section, details of 
columns and girders, and particulars of foundations and retaining walls, with 
perspective sketches showing entrances, and one view taken from a point which 
would give the most extensive view of the interior. 

Calculations of columns, floors, beams, walls and foundations should also be 
shown. The outer walls, roofs and floors should be of watertight construction. 
Special regard should be paid to the capacity of the underground structure, 
which should be of the multi-floor type, and the roof should be designed from an 
A.R.P. standpoint. 


SERN PTR PE TRY Oe 


Watt. 


On the report of the judges, the Council awarded the Prize to William 
4 Eugene Blackmore, Stud. Inst. C.E., of Colchester, for his design of a 


water tower. 
Mr. Blackmore has furnished the following note giving details of the 


_ basis of his design, together with illustrations of a perspective view and a 
sectional elevation and plan. 


~ Design for a Water Tower. 
By Wiu1am Eveene Biacxmors, Stud. Inst. C.E. 


The requirements of the problem fixed the capacity and height, but 
left open the choice of material and esthetic effect. 
Reinforced concrete was selected on account of its clean and solid 
"appearance and its adaptability to any shape. Simple straight lines and 
- flat surfaces were adopted as a basis for the design, simplifying the shutter- 
_ing and harmonizing better than curves with the type of buildings usually 
found in the outskirts of an urban area. This led directly to a polygonal 
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tank, the number of sides being fixed at eight when the shape of the sub- 
structure was chosen. : 
The essentials of the design of the supporting column were : resistance ; 
to buckling, lateral stability, and simple shuttering. The section selected, 
shaped like a broad cross, met these conditions and at the same time pro- __ 
vided a pleasant combination of shadows. 
Stresses for the strength of the reinforced concrete were based on the — 
D.S.1.R. Code!, and for the water-retaining qualities of the concrete on the — 
Inst. C.E. “Code of Practice®.” The tank presented a complex structural — 
problem, the walls being subjected to bending in one direction and to 
combined bending and tension in another. The calculations led to a fairly ; 
simple arrangement of bars, the main reinforcement being placed hori- : 
zontally in the outer walls to resist hoop tension and radially in the bottom : 


to resist the fixing moment. For the foundations it was found to be more 
economical to take piers down to rock-level than, for instance, to distribute 
the load over the clay by means of a raft. 

Such a water-tower would be suitable for erection in practically any 
environment, but it was visualized more particularly in a landscape similar 
to that illustrated in Fig. 1. 


© 


1 * Recommendations for a Code of Practice for the Use of Reinforced Concrete 
in Buildings.’’ H.M, Stationery Office. 1934, 

* “Code of Practice for the Design and Construction of Reinforced-Concrete 
Structures for the Storage of Liquids.”’ 1938, 
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New Works in Progress by the Government of Madras 
Electricity Department in 1940. 


Contributed by Licut.-Colonel M. G. Puarrs, C.LE., O.B.E., M.C., 
B.Sc., M. Inst. C.E. 
THe Papanasam Hypro-Etecrric DEVELOPMENT. 


Tuts development, of about 27,000 horse-power, in the Tinnevelly 
District is under construction. The transmission system is designed to 
serve the area south of Madura and to tie in with the Pykara system there. 


_ The scheme consists of a reservoir of 5,500 million cubic feet capacity on 


the Thambraparni river, formed by a masonry gravity dam 170 feet in 
height above the river bed. From this a controlled supply will flow along 
the course of the river to the diversion weir, 6 miles downstream, which 
is a masonry overflow structure about 35 feet in height and 1,350 feet in 
length, designed to pass a flood of 120,000 cusecs. Two 9-foot diameter 
steel low-pressure pipes 3,500 feet in length conduct the water from the 
intake here to the surge tank and penstock, from which it drops through 
a head of 330 feet in four 69-inch diameter pipes to the power-house. 
Each penstock pipe will serve one vertical Francis turbine of 8,150 horse- 
power, driving a 7,250-kilovolt-ampere, 11,000-volt alternator. The 
scheme also includes a steam power-station to be built later. The esti- 
mated cost of the full development is £1,700,000. 

Only one low-pressure pipe and three penstock pipes and generating 
units are now being installed, and the cost of this first stage is about 
£1,300,000. 

Work was begun on camps, roads, construction, power-supply, etc., 
in June 1938, and by August 1940 the following progress had been made :— 

The dam foundations had been completed and about one-quarter of 
the structure built. The two 8-foot 6-inch diameter discharge pipes had 
been fabricated and were being built in. The diversion-weir foundations 
had been completed and the full section built for a length of about 800 feet. 
The intake chamber was completed and the gates and screens were under 
erection. The 3,500-foot length of 9-foot diameter low-pressure pipe had 


_ been fabricated in the contractor’s workshop at site and erection was 


almost completed. Fabrication of the three 69-inch diameter penstock 
pipes was just being begun, and the pipes were expected to be ready for 


_ erection by December 1940. Work on the power-house building has been 


delayed owing to late delivery of steel-frame sections and of the built-in 
parts of machinery. These are expected by the end of the year, and it is 


hoped that the plant and transmission system will be in commercial opera- 


tion by the end of 1941. ; 


The constructional works are being executed by departmental admini- 
stration. The following are the principal contractors for machinery and 
equipment :—hydraulic controls for dam and diversion weir, Ransomes 
& Rapier, Ltd.; pipes, The Indian Hume Co.; surge-tank and butter- 
fly valves, etc., Boving & Co., Ltd. ; water-turbines, The English Electric _ 
Co., Ltd.; generating and control equipment, the British Thomson- | 
Houston Co., Ltd.; and the 66-kilovolt transmission-lines, Callender’s 
Cable and Construction Co., Ltd. 

The principal load centres will be Madura, Tinnevelly, and Tuticorin. 

In addition to the Papanasam scheme the following additions to other 
plants are now in process of manufacture, and will be installed as soon as 
deliveries can be effected. 


THe Metrur Hypro-E.ecrric System. 


A fourth 16,000-horse-power unit is being installed; this is similar to 
the three existing sets installed in 1937, and consists of twin horizontal _ 
Francis turbines driving a 12,500-kilovolt-ampere alternator generating at _ 
11,000 volts. The turbines are designed to operate under heads ranging 
from 60 feet to 160 feet. 

They are being supplied by the English Electric Co., Ltd., and the 
generators and main electrical equipment by the Metropolitan-Vickers 
Electrical Co., Ltd. 


THe ANDHRA Power System. 


The steam power-station at Vizagapatam harbour is being extended 
by the addition of a third 1,500-kilowatt turbo-alternator set supplied by 
the British Thomson-Houston Co., Ltd., and the steam power-station at 
Bezwada by a third unit of 3,000 kilowatts manufactured by Messrs, C. A. 
Parsons & Co., Ltd., together with a Babcock & Wilcox boiler of 33,000 Ib. 
rating. | 

A major extension to the Pykara hydro-electric power plant was also — 
completed and put into operation in 1939. This consists of two Pelton- _ 
wheel units served by a third penstock pipe ranging from 42 inches to 
374 inches diameter. The head of 3,100 feet is believed to be the highest 
in the British Empire. The water-wheels are of 16,000 horse-power each, 
running at 600 revolutions per minute and driving 12,500-kilovolt-ampere 
_ alternators generating at 11,000 volts. The contractors for the penstock __ 
were Messrs. Boving & Co., Ltd., acting for Messrs. Ferrum. The Pelton 
wheels were made by the Escher Wyss Engineering Works, Ltd., andthe 


alternators and transformers, etc., by the Metropolitan-Vickers Electrical 
Company, Ltd. 
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$ SIR ROBERT ABBOTT HADFIELD, Bart., F.R.S., was born at 
¥ Sheffield on the 28th November, 1858, and died at Kenry House, Kingston 
_ Hill, Surrey, on the 30th September, 1940. After his technical training 
_ in the Hecla works of Hadfield’s Steel Foundry Company, he occupied 
_ various responsible positions in the firm, and on its conversion into a 
_ limited company became chairman and managing director. His invention 
% of manganese steel, after 10 years of research work, opened a new field 
in metallurgy, whilst he was also responsible for the discovery and develop- 
5 ment of silicon steel and many other special alloy steels, and for numerous 
A metallurgical improvements. His work received world-wide recognition 
Z and he was awarded almost every medal possible from scientific bodies in 
_ Europe, America, and Asia, including the Bessemer gold medal of the 
Iron and Steel Institute and the John Fritz gold medal of the four great 
q American engineering societies. He was also appointed a Commander of 
_ the French Legion of Honour. In 1899-1900 he was Master Cutler of 
a Sheffield. He received the honour of knighthood in 1908, and became a 
_ Fellow of the Royal Society in 1909. On the outbreak of the Great War 
~ in 1914 he and Lady Hadfield, C.B.E., established and maintained at their 
_ own expense the Hadfield Hospital at Wimereux, near Boulogne, which 
- received about 20,000 officers and men. From 1915 to 1918 he was a 
_ member of the Advisory Panel of Munitions, Inventions Department. He 
_ was created a baronet in 1917. 
; Sir Robert was a member of many British and foreign scientific 
_ societies, and served as President of the Iron and Steel Institute, and of 
_ the Faraday Society. He was a prolific writer, and, in addition to several 
books on metallurgical subjects, was the Author of more than 200 Papers 
_ contributed to technical societies. 
j He was elected an Associate Member of The Institution on the Ist 
_ March, 1887, was transferred to the class of Member on the 21st January, 
- 1896, became a member of Council in 1904, served as Vice-President from 
- 1935 to 1937, and was elected an Honorary Member on the 23rd March, 
1937. For Papers read before The Institution he was awarded the Howard 
- Quinquennial Prize, the George Stephenson gold medal, the Telford gold 
- medal, and Telford premiums. In 1906 he delivered the “ James Forrest ” 
Lecture, his subject being “ Unsolved Problems in Metallurgy.”1 
~_-In 1894 he married Frances Bett, daughter of Colonel 8. M. Wickers- 
ham, of Alleghany, Pennsylvania. With his death the baronetcy became 
extinct. 
1 Minutes of Proceedings Inst. C.E., vol. clxvi (1905-6, Part 4), p. 190... 
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CHARLES HESTERMAN MERZ was born at Gateshead on the 5th 
October, 1874, and died as the result of enemy action on the 15th 
October, 1940. He was educated at Bootham, York, and at Armstrong — 
College. Throughout his career he was intimately connected with the ; 
development of electric power-supply and electric traction, including © 
Newcastle-on-Tyne (1900), involving the first use in England of three-phase _ 
distribution at the then high pressure of 6,000 volts, and the design and 
construction of the Neptune Bank power-station ; the electrification of 
the Tyneside lines of the North Eastern Railway, and the design of the — 
Carville power-station (1903) ; promotion of the London power bill, and 
electrification of collieries and iron and steelworks in the north of England — 
(1905) ; electrification of suburban railways at Melbourne (1907), Buenos — 
Aires (1909), and Bombay (1913), followed by extension of the electrifi- : 
cation of the railway over the Ghats; the Carville “B” power-station — 
and the North-Tees power-station (1914-1918) ; and many other power 
schemes in America and South Africa. During the Great War he was 
Director of Experiment and Research at the Admiralty, dealing especially 
with anti-submarine warfare. In 1919 he advised upon the design of the 
new large power-station at Barking. He was a member of Government 
committees dealing with electricity in mines, power-supply, fuel economy, 
etc., and in 1917 was chairman of the electric power-supply section 
of the Haldane Coal Conservation Committee. In 1925 he put before the 
Electricity Commissioners a report which led later to the Act of 1926, 
creating the Central Electricity Board, and to the construction of the 
“Grid.” In 1932 he was awarded the honorary degree of D.Sc. by Durham 
University. In 1937 he was Chairman of an international Commission 
appointed by the Egyptian Government to inquire into the utilization of _ 
water-power from the Aswan dam. | 

Dr. Merz was elected a Member of The Institution on the 10th J anuary, | 
1905. He was Vice-President of the Institution of Electrical Engineers 
from 1912 to 1915, and was awarded the Faraday medal in 1931. He _ 
was also a Fellow or member of numerous other technical societies, to «— 
which he presented Papers on power-supply and railway electrification. 
His brilliant brain conceived many ideas of a creative nature for the benefit 
of industry and mankind as a whole, and his services were given un- 
stintingly without thought of self or of remuneration to all who called 
upon him—and especially to the Government and the national service. _ 
He was keenly interested in the younger generation, and was always ready 
to listen to their point of view, whilst his guidance and advice assisted 
many of them to make the right choice of a career. ; 

In 1913 he married Stella Alice Pauline Byrne, daughter of Edmond 
de Satur, of Dublin, and had one son and one daughter, both of whom 
lost their lives with their father. His son, Robert, was engaged on work 
of national importance, in spite of his youth, and had already shown 
full promise of outstanding ability to follow in his father’s footsteps. 
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ABSTRACTS OF THE CURRENT TECHNICAL 
LITERATURE OF ENGINEERING AND 
APPLIED SCIENCE. 


ENGINEERING CONSTRUCTION. 


The Application of Soil Mechanics in Building the New York World’s 
Fair. G. L. Frerman, G. W. Guick, and H. Gray, jun. (*Civ. Engng., 
N.Y., 10, 649-652 ; Oct. 1940).—The reclamation of the site for the fair 
_ afforded an unusual opportunity for soil studies and the application of 
i soil mechanics. The Authors review a number of the problems involved 
~ in the work, describe the field tests, laboratory studies, and mathematical 
analyses of soil behaviour, and discuss the solutions developed. They 
_ also describe the fill-placing methods, and the foundation designs adopted 
- to meet the difficult conditions encountered. They state that, generally, 
where the principles of construction determined by soil mechanics were 
followed, the results were successful and satisfactory; but so many 
factors have intervened that there has been little opportunity to check 
forecasts against actual performance. 


“a 
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a The Pressure of Earth against Lateral Supports. R. R. MInIKIN 
 (*Engineer, Lond., 170, 244-246 ; 18 Oct. 1940).—The Author describes a 
simple testing apparatus devised by him, and the manner in which 
_ pressure readings are obtained. It consists essentially of a rectangular 
box 5 feet by 2 feet by 1 foot 6 inches wide, with plate glass sides and 
timber bulkheads capable of extension with wind sides for surcharge. To 
- measure the pressure of the sand, a form of gauge is employed, consisting 
__ of two plates of plywood with chamfered edges having three small sponge 
rubber disks between them. Various tests made with the apparatus are 
_ described, and simple graphical constructions are given for finding the 
triangle of the wedge of rupture. A comparison of the values given by 
the Author’s formula with those of Rankine’s formula and of the Jenkins 
_ revised wedge theory is tabulated. 


Foundation Exploration at Kentucky Dam. A. V. Lynn and 
RB. F. Ruoaves (*Engng. News-Rec., 125, 480-483 ; 10 Oct. 1940),—For 
‘more than 4 years prior to the start of constructional work, in July 1940, 


Nores.—An asterisk prefixed to a reference, thus *Civ. Engng., N.Y., denotes that 


- the article is illustrated. hee ee 
"The abbreviated titles of periodicals are those used in the “ World List of Scientific 


4 Periodicals” (Oxford, 1934). 


weaknesses. 
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on the dam, which is situated on the Tennessee river 22 miles above i ; 
confluence with the Ohio river, an extensive exploration was made of the 
site, involving core drilling, wash boring, the sinking of test-pits, t. 
sampling of soils, and a thorough co-ordination of engineering ant ; 
geological observations. The dam, a concrete and earth-fill structur : 
will be 8,650 feet in length and will create a reservoir 73 feet above the | 
present river-level. The drilling procedure is described in detail, a 
typical records of boring explorations are reproduced. 


Core Control and Cutoff Construction at Kingsley Dam, Nebr. 
W. J. TurnBuLL and G. N. Carter (*Civ. Engng., N.Y., 10, 623-627 ; 
Oct. 1940)—The Kingsley dam is a hydraulic fill structure about 8 mil 
north-east of Ogalala, Neb., constructed for the purpose of storing flood- 
‘water for power and irrigation. The main structure is about 2 miles long, 
and the dike adjoining it is about 1 mile in length. In the main section 
the base-width is 1,140 feet and the height 160 feet. The main borrow- — 
pits contained only about 30 per cent. of the fine material needed for core — 
construction. Mr. Turnbull describes the means employed to make up 
the deficiency from the sandy and silty loess forming the surface deposit 
on a ridge extending to the southward from the south abutment. Mr. 
Carter describes the construction of a concrete curtain-wall in one abut- _ 


until a curtain 100 feet high had been completed. 


A Brief Review of Steel Column Tests. L. T. Wyzy (*J. Wester 
Soc. Engrs., 45, 99-113 ; June 1940). The Author reviews and analyses 
the data furnished by tests on column models from those made for the 
second Quebec bridge in 1908 to date. He presents the following three - 
propositions, and discusses their implications: (1) the majority of struc- 
tural columns are short columns having an L/r ratio under 50, for which 
the Kuler loads have little significance; (2) about three-quarters of, 
(American) laced structural columns fail through local weakness at a unit 
stress below the yield-point of the material, and thus do not conform to 
the assumptions of the column theory; (3) improvements in column 
design to provide against local failure result in increased column efficiency, 
A classification of failures is tabulated, and examples of failure are illus- 
trated. Finally the Author suggests various means of avoiding local © 


Plain and Reinforced Concrete Arches. (*J. Amer. Concrete Inst. 
12, 1-26; Sept. 1940.\—A report of a Committee of the Institute sum-_ 
marizes research work carried out since 1932 and presents a suggeste 
specification for the design of reinforced-concrete arches. Investigations 
of the effects of shrinkage and plastic flow are described. The results of - 
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= measurements made on long arches at Pittsburg, Pa., are discussed. 
~ Recommendations are.made as to the calculation of moments and thrusts 
due to loading and volume change. Finally, a new method is proposed. 
_ for the design of arch ribs, based upon ultimate strength formulas, and 
__ the problem of the factor of safety for members subjected to direct load 
~ and flexure is considered. ; 


_ T.1. Furtenwiper, and R. B. Murruy (*Engng. News-Rec., 125, 280-282 ; 
A 29 Aug. 1940).—In adjusting the reactions of two continuous bridges over 
~ the Illinois river, at Hennepin and Lacon, IIl., on the basis of proving-ring 
_ Measurements, it was found that warping of the spans exerted a con- 
__ siderable effect upon the stresses. The bridges are similar, each carrying 
two lanes of traffic on concrete decks. Each has a continuous-truss unit* 
5 of three spans (324 feet, 378 feet, and 324 feet), whilst the Hennepin 
bridge has also a continuous truss of two 300-foot spans. Two proving- 
rings, each of 300,000-lb. capacity, were used in the measurement, and a 
_ high degree of precision was achieved by careful control of temperature, 
moisture, and wind-pressure on the rings. The results are plotted in 

"curves. 


f Effect of Warping upon Continuous-Truss Bridges. L. T. Wy ty, 


Underpinning a Tall Building in Chicago. (*Engng. News-Rec., 
- 125, 422-426 ; 26 Sept. 1940.)\—The seventeen-story Monadnock building 
_ is 66 feet by 400 feet in plan, the long dimension facing Dearborn and 
_ Federal streets. As it was feared that construction of the city’s new 
a subway under Dearborn street might endanger the building by causing 
_ settlement of the ground under the floating foundations upon which it 
was erected, the front row of piers along Dearborn street is being picked 
3 up by jacks on grillages while Chicago-type well caissons are sunk 60 feet 
to hardpan directly beneath the piers, after which the building load is 
transferred to the caissons. The operations are described in detail. The 
- caissons are 4-54 feet in diameter and are belled out at the bottom from 
9 feet 3 inches to 134 feet diameter. In six cases where two piers rest on 
a common mat, a heavy reinforced-concrete girder is built between the 
‘tops of the caissons and the piers, the two caissons jointly carrying the 
_ two piers. 


A Method of Re-aligning and Transitioning Railway Curves. S. R. 
_ Cuopra (*Quart. Tech. Bull. Indian Rly. Bd., 5 (No. 58), 9-12; July 
_1940).—The curve to be re-aligned is divided into chords of length equal 
to one-quarter of the length of the transition curve; the ends of these 
chord-lengths are designated “ stations.”” The method consists of two 
In the first an imaginary circular curve is assumed to be located _ 


if 


150 ENGINEERING ABSTRACTS. 


centre by an amount equal to the shift determinable from the radius of ¢ 
circular curve passing through the vertex of, and tangential to, th 
tangents of the distorted curve. In the second stage the final curve | 
located at the various “ stations ” on the circular curve so that the fina 
curve overlaps approximately the middle portion of the distorted cu 
The Author states that the method can be utilized also in cases wher 
bridges, level crossings, heavy cuttings, or high banks limit the sluing 
the track at certain points of the curve. 


Subsoil Water Problems at a Railway Underpass. (*Rly. Age, Chi 
109, 366-368 ; 373; 14 Sept. 1940.\—When the Norfolk and Western Rail- 
way constructed an underpass recently at Norfolk, Virginia, involving 
depression of the street-level by a maximum of about 11 feet below the sub-— 
soil-water table, unusual measures were required for unwatering the subsoil 
to enable construction to proceed, and also for dealing with the water after 
completion of the works. The railway bridge over the underpass carries 
six tracks. It is placed on a skew of 25 degrees and has a clear span of © 
41 feet. The footings for the wing walls and the abutments are supported — 
on timber piles, whilst three reinforced-concrete struts extend between 
the abutment footings, under the street pavement, one at each end of | 
the subway and the third near the centre. The water problem was — 
solved by the adoption of an extensive well-point system, and the pe 
manent measures included subsoil drains leading to a sump from which — 
the water is removed by automatically-controlled motor-driven pumps. — 
The various operations are described in detail. 


Water Power in Eire. (*Electrical Review, 128, 237; 20 Sept. 1940.) 
—A brief description is given of the Liffey hydro-electric project, | 
now under construction, comprising a dam about 100 feet high above the 
falls at Poulaphouca, serving two power-stations, at Poulaphouca and at 
Golden Falls. Some details of reservoir capacity and discharge, and of 
electrical output, are given, and the progress of constructional work is: 
summarized, 


MECHANICAL ENGINEERING. 


Modern Measuring Instruments and the Principles of their Design. 
G. Scutusincrr (*J. Instn. Production Engrs., 19, 317-358 ; Sept. 1940). 
—The Author discusses the refinements of fit and limits, the possibili 
of accurate measurement, the character and range of instruments, 
direct reading and estimation of fractions of divisions, and the form 
for calculating the degree of magnification. The measuring system n 
be based upon mechanical or optical means, micro-comparator gauges, or 
methods of “ active ” calibration. The various instruments are described — 
in detail. The modern tendency is to avoid the separation of machining 
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_ and measuring and to combine the controls for the cutting-tool or grinding- 

wheel, with the measuring apparatus. This is achieved by the use of a 
diamond feeler, or a photo-cell, or by controlling the cutting-tool directly 
from a gauge or fixed standard incorporated in the machine. 


Engrs., Adv. pf.,7 pp. ; Nov. 1940.)\—The Author describes an experimental 

meter developed at the Naval Research Laboratory, Washington, D.C., 
_ which includes means to indicate instantaneous values of shaft torque, 
_ shaft power, and shaft speed. The design is an adaptation of the usual 
__ type of short base-length torsion-meter, and utilizes the property of the 
electrical micrometer tube, that the meter reading for a given displacement 
_ of the tube-arm, within certain limits, is exactly proportional to the 
_ voltage applied to the bridge. A schematic diagram of the electrical 
micrometer tube in its bridge network is reproduced, and the construction 
_ of the instrument is described in detail. Comparative measurements 
_ obtained with the meter are plotted in curves. 


A A New Type of Power-Torque Meter. (*Soc. Nav. Arch. Mar. 


a A New 15-Kilovolt Pneumatic Circuit-Interrupter. L. R. Lupwie, 
- Hi. L. Rawtins, and B. P. Baker (*Elect. Engng., N.Y., 59, 528-538 ; 
_ Sept. 1940).—After a brief historical review of the development of oil-less 
_ circuit-breakers, the Authors emphasize the applicability of compressed 
air, and describe a new type which can attain an interrupting capacity of 
~ 1,500,000 kilovolt-amperes at 15,000 volts. Its principal features are an 
_ extremely high operating speed, and rapid interruption with minimum 
_ energy-dissipation. Test results are presented in the form of oscillograms. 
These show that currents of 65,300 amperes have been interrupted at 
_ 13,200 volts, single-phase, with a contact separation of 2 inches, which 
can be obtained mechanically in one half-cycle. A bibliography of the 
~ subject is appended to the Paper. 


Magnetic ‘“‘ De-Ion ’’ Circuit-Breaker for 2,500-5,000 Volts. L. R. 
“Lupwie and R. H. Nav (*Elect. Engng., N.Y., 59 (Trans.), 518-522 ; 
Sept. 1940)—The Authors discuss the theory of the quenching of an arc 
by de-ionizing the normally conducting arc-stream by means of a gas- 
- blast produced by an intense transverse magnetic field, and describe a 
_ new form of air circuit-breaker consisting of a large number of non-gas- 
forming insulating plates having V-shaped slots which are spaced apart 
and placed at right angles to the arc-path. The problem of adequately 
enclosing the breakers is discussed, and test results are presented, which 
indicate that excellent interruption can be obtained in an enclosure of 
small overall dimensions. 


_ The Making of Comparative Efficiency Tests with Locomotives on 
‘the Road. C. A. Carpew (* J. Instn. Loco. Engrs., 30, 294-356 ; July— 
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Aug., 1940). The Author deals with the subject under the following heac 
ings: (1) general considerations relating to test conditions ; (2) coal and 
water supplies, and their measurement ; (3) testing apparatus, and facto 
affecting accurate results in its design and application ; (4) details whic 
affect the collection of truly comparative data; (5) the tabulation o 
mean test results and the making of deductions therefrom relative to th 
comparative efficiency of performance ; and the determining influence o 
economic factors. He states that tests made without a dynamometer-caz 
can yield surprisingly accurate data and reliable results. The vario 
aspects of the problem are discussed in detail, and the test results 
presented in Tables and curves. 


Power-Transmission by Belting. J. G. Jaccer and F. Syke 
(*Proc. Instn. Mech. Engrs., 143, 318-327 ; Oct. 1940).—In the course of 
experimental work on flexible belts running on pulleys of small diameter, 
it was observed that the loss of speed of the follower arising from the 
elasticity of the belt was considerably greater than would normally be 
expected. It was also noticed that this loss of speed depended upon the 
mean tension of the belt and the diameter of the pulley. The Authors 
discuss possible causes for the deviation of the creep from that given by 
the simple elastic law. They tabulate experimental values of creep for | 
a fabric belt, and plot in curves the results obtained for elastic and for 
fabric belts. They describe experiments made, on belts of a special end. 
less woven construction, which ensured that no errors would be introduced 
owing to lack of uniformity at the fastening, and give the results obtained — 
on a belt 4 inches by } inch. They discuss surface compression, stress- 
distribution, the efficiency of flat belts, the effect of unequal pulleys, and | 
the efficiency of V-belts. Finally they present general conclusions based 
upon the theory which assumes no compressive stress, observing that the — 
extent to which these will apply in practice to any particular belt material 
will depend upon how closely the assumed conditions hold. 


The Butt-Welding of Steel Tubes and Pipes. H. Harris, J. E. 
Jones, and A. L. Sxmyner (*T'rans. Inst, Welding, 3, 115-156; July 
1940).—The Authors describe an extensive investigation on the general — 
problem. They state that the main defects due to the butt-welding of 
steel tubes and pipes are “ basal cracks ”°—small or even minute cracks 
in the region of the root of the weld. The tests made included electric — 
welding with copper and with steel backing rings, and with no backing 
rings ; the results are illustrated by numerous micro-photographs, The 
Authors discuss factors influencing the formation of basal cracks, includi g 
the electrode ; the design of joint preparation ; the temperature of the 
pipes being welded; the proficiency of the welder and the welding pro- 
cedure; and the metallurgical character of the pipe steel. They also 
discuss the applicability of gas welding, and describe the welding technique. 
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Finally they deal with preheating, stress relief, and normalizing, and 
“summarize experience in regard to methods for the examination of pipe 
_butt-welds, made with the object of establishing a welding technique or 
of testing the proficiency of a welder. 


MINING ENGINEERING. 


The Pressure exerted by the Roof upon the Coal-Seam near the 
_ Face in Workings advancing to the Strike. F. K. T. van Iverson 
(Proc. Koninkl. Nederlandsche Akad. van Wetenschappent, 48, 149-158 ; 
_ 294-306 ; 412-424).—The following problems are analysed mathe- 
_ matically and discussed by the Author: (1) the stress in the roof and in 
_ the floor near the face, whilst considering the coal as uniformly resistant 
matter compressed between perfectly lubricated roof and floor; (2) the 
distribution of the pressure around hollow spaces in the homogeneous 
“massif according to the laws of elasticity ; (3) the pressure of the roof on 
_ coal pillars ; (4) the pressure of the roof on the coal-seam, the coal being 
_ considered as perfectly plastic matter; (5) the pressure of the roof and 
_ the floor on the coal-seam, the coal seam being considered as pulverulent 
~ matter. 

i Roof Movements and their Control on Some Conveyor Faces. J. R. 
_Diysparz and J. M. Hucuss (*Proc. S. Wales Inst. Engrs., 56, 169- 
187 ; 24 Sept. 1940).—The research described was carried out at twelve 
_ collieries and in fifteen districts in order that a representative range of 
~ conditions could be studied. Most of the observations were made on 


each side of the district was almost negligible, and in seams where the 
floor lift was so small in comparison with the roof subsidence that the 
purposes as roof subsidence. The thickness of the seams ranged from 2 feet 
_to about 7 feet, and their depth from about 100 yards to 900 yards. The 
procedure is described and the results are plotted in curves. The measure- 
ments showed that pressure-cycles of varying intensity occurred on almost 
every face. These conditions resulted in considerable damage to timber 
and steel supports and made withdrawal of face posts a difficult operation. 
is concluded that, to avoid this danger and to effect the maximum 
onomy in supports, the resistance of both temporary and permanent 
supports should be sufficiently high, even in thin seams, to keep convergence 
to the minimum and at a uniform rate in order to eliminate cycles of 
pressure. 


; 4 Experiments with Reinforced-Concrete Props. J. K. Counras and 


H. Hensuaw (*Colliery Engng., 17, 225-226 ; Sept. 1940) —The Authors 
| 1 The Paper is in French. z 


154 ENGINEERING ABSTRACTS. - 


describe tests made with the object of determining the ability of reinforce 
concrete props to withstand repeated setting and withdrawal. The seal 
was 3 feet 6 inches thick, at a depth of 500 yards, and the props were s¢ 
on a double-unit strike face 285 yards long, with a dip of lin 7. Packing 
and withdrawal of supports was done on the afternoon shift, followed ) 

coal-cutting and shotfiring on the late afternoon and night shifts in pre- 
paration for the day filling shift. The roof was effectively controlled under — 
these conditions and the height reduction during the time a prop was set 
was about 6 inches—conditions favourable to the experiment. Eighty 
props were used. The release device, which had no mechanical parts, was 
a steel tube 8 inches in diameter and 8 inches high, weighing 10 lb. Its 

operation is described. The experiments demonstrated that reinforce 
concrete props set with release devices can be used over and over again 
on working faces with strong floors under normal roof conditions. 


Coal Washing at a Midland Colliery. (*Colliery Guardian, 161, 347- 
351; 11 October 1940.\—A Barvoys plant has been installed for the 
cleaning of the Deep Soft seam mined in the Midlands. The seam, whilst 
mainly of low ash quality, has a small hard coal band which it is desirable 
to remove, as the coal is largely sold for domestic fuel. A detailed descrip- 
tion of the working of the plant is given. The cleansing medium consists. 
of a suspension of barytes and clay in water. The raw coal is fed to the 
surface of the bath. The clean coal floats on top and is removed by a } 
scraper ; the shale sinks to the bottom and is removed by an elevator; 
the middlings product is extracted by means of a tube in which flows an 
upward current of medium, to a tank in which the medium is passed of 
through a screen. The clean coal, the middlings and the shale are sprayed — 
with water to recover the barytes. The clean sprayed coal is screened 
into two sizes, 3} inches to 1} inch, and 1} inch to % inch. 1 he 
sprayed middlings are crushed and reduced to less than 1? inch, and are 
then screened into two sizes, above and below % inch. The plant was 
designed to deal with 100 tons per hour, with a peak-load capacity of 1 20 1 
tons per hour. | 


The Estimation of Firedamp. (. 8. W. Grice and D. W. Woop HEAD 
(*Colliery Guard., 161, 207-208 ; 30 Aug. 1940).—The Authors describe 
two forms of apparatus, developed by the Safety in Mines Research Board 
for instructional purposes in demonstrating gas caps in known percentages — 
of gas. These are free from electrical or mechanical parts requiring fre- 
quent adjustment. The products of combustion are kept separate from 
the firedamp-air mixture. The flame is easily adjustable while the lamp 
is in the apparatus. Lamps of different types can be compared in the 
same mixture. In one apparatus, which has a row of chambers, the caps 
produced in various mixtures of firedamp and air can be shown simultane- 
ously to several observers. ae 
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Stemming in Metal Mines. J. A. Jounson, W. G. Agnew, and 
_ M. Moster (U.S. Bur. Mines, R.I. No. 3509, 27 pp., June 27 1940).—The 
aA object of an investigation in progress at the Mont Weather testing adit on 
stemming used in connexion with blasting is to determine, under con- 
trolled conditions, for each of several classes of stemming and for no 
- stemming, the quantities of the noxious gases formed, the quantity 
oe of dust produced, and the efficiency of the explosive. Investigations are 
% being made with (1) no stemming; (2) sand in two paper cartridges ; 
_ (8) clay in two paper cartridges; (4) commercial hydrated lime in two 
7 paper cartridges; (5) combustible blasting-plugs ; (6) ceramic blasting- 


My 


“ple with clay in two paper cartridges. The Authors describe the test 
_ procedure and present an analysis of the results on dust studies from 
” fifty-nine rounds blasted in the adit. It was found that the least dust 
was produced when no stemming was used. The dust-concentration in 
© general decreases with the fineness of the rock broken and with the increase 
_ in the percentage of break of the round. 


Simultaneous Shot-Firing at Rippings. H. Srarrorp (Iron and 
Coal Trades Rev., 161, 353-354; 11 October 1940).—A recent amend- 
“ment to the Explosives in Coal Mines Order, 1934, permits simultaneous 
_shot-firing to be practised at rippings. The advantages and disadvantages 
_ of simultaneous shot-firing are enumerated. The Author, in discussing 
the required equipment, states that low-tension detonators, having 
_ uniform characteristics, are desirable; he emphasizes the necessity for 
_ check-testing detonators, and the importance of connecting detonators in 
" series in order to avoid differences in the current flowing to each detonator. 
_ He advocates the use of two single-core cables, in order to avoid any 
_ possibility of short-circuiting, with consequent danger of some shots mis- 
_ firing and remaining undetected. A dry-battery-type exploder should be 
_ used, to give the required current immediately the switch is closed, and 
_ to avoid the ignition of firedamp by sparking. A circuit-testing device 
should be incorporated. Weekly tests on the exploders are advisable. 
Experience has shown that to attain good results with simultaneous shot- 
ing, a technique, different from that employed when shots are fired 
ngly, is required, and the Author discusses various practical precautions 
to ensure successful working. 


_ Dust Suppression. A. Netson (Mine & Quarry Engng., 5, 203- 
204; July 1940)—The Author discusses the results of Zeiss konimeter 
vestigations made while observing the performance of devices for the 
‘suppression of boring dust under practical conditions. Tests were con- 
icted with various forms of dust protection. Dust-traps were found to 
ve uniformly good results. Wet drilling, with the axial water-feed drill, 
vealed the detrimental effect of air leaking with the water through worn 
‘parts of the mechanism into the hollow drill steel. The results when 
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using a machine incorporating the external water-flush head 
encouraging, but the average drilling-rate was below that normally accom- 
plished. Numerous tests conducted with the wet drilling method usi 
foam gave very satisfactory results as regards arresting the dust. The 
drilling- speeds, however, were generally lower than those obtained with 
dry percussive drilling. Moreover, it was very difficult to maintain 
constant flow of foam to the cutting-edge, and whilst the quantity wi 
sufficient to bind the dust, it was insufficient to clear the hole satis- 
factorily. The Author suggests the provision of passages of larger area 
Tests were also made with an air-operated rotary drill in a sandstone 
working. With an air-pressure of 76 lb. per square inch, an average 
boring-rate of 4 inches per minute was obtained, and was accepted as 
fairly satisfactory. The dust-concentrations showed an improvement 
over those observed when dry drilling without a dust-trap. 


Electrical Plant at Britain’s Most Up-to-Date Colliery. (*Hlect. 
Times, 98, 177-178 ; 12 Sept. 1940.)—Opportunity was taken to apply 
the most modern methods and equipment in the recent development of a 
virgin coal-area of approximately 6,000 acres, yielding good steam and 
household coals. Electrical plant is extensively employed. The colliery 
is all-electric in its power services, and power is transmitted from the 
Company’s central power-station, about 12 miles distant, at 22,000 volts, 
being transformed down first to 3,000 volts, and then to 500, 100, and — 
15 volts. Details are given of the winder motors and interlocks, of th 
pit-bottom and haulage layout, of the ventilating arrangements, and of — 
the coal-preparation plant. | 


~ 


CORRIGENDUM 
Journal Inst. C.E., vol. 14 (1939-40), p. 234 (April 1940). 
iin snare esas aids Svinte actin adit te Rescciaseh Sa 
Plate 1, facing p. 234. 


For scale of miles 100 — 50 — 0 — 100 — 200 
read ‘ 50 -—25-0- 50-100 
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_ many on attempting to rejoin it had difficulty in resuming their studies 
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MEETINGS, SESSION 1940-41. 


ORDINARY MEETINGS, 


Arrangements have been made for the following subjects to be brought 
forward, on the dates shown below :— 


1940. 
(1.30 p.m.) 
Dec. 17. * ‘‘ The Mohammad Aly Barrages, Egypt,’’ by A. G. Vaughan-Lee, 

M. Inst. C.E. 


There will be a ballot for the election of new members. 


* An abstract of this Paper appeared at p. [8] of the November Journal. 
1941. 
(1.30 p.m.) a | 
Jan. 21. **‘‘ The Design of Sewage-Purification Works,”’ by H. C. White- 
head, M. Inst. C.E. 


There will be a ballot for the election of new members. 
** An abstract of this Paper appears at p. [13], post. 
(Light refreshments will be served at 12.45 p.m. prior to the above meetings.) 


SPECIAL ANNOUNCEMENTS. 


MILITARY SERVICE, 


VOCATIONAL INSTRUCTION FOR THOSE TEMPORARILY SERVING IN 
HIS MAJESTY’S FORCES. 


The Board of Education having expressed the desire of the Army — 
Council for the establishment of courses for persons under training for — 
various professions in civil life who wish to continue their studies while _ 
temporarily serving in His Majesty’s Forces, the Institution of Civil _ 
Engineers, together with the Institutions of Mechanical and Electrical | 
Engineers, is co-operating with the Board of Education and the Advisory | 
Council for Education in the Forces in the organization of courses in 
engineering subjects. A i 
During the last war there was a break in the studies of a whole 
generation of engineers, with serious consequences to the profession ; 


on «F: a _ 
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. It is hoped that it will be found possible to allow students to attend 
evening classes at a technical college where one is within convenient 
teach, but where the distance is too great it may be found possible, when 
a sufficient number of students come forward in large camps, to arrange 
- for the delivery of regular courses of lectures by qualified teachers. There 
must, however, remain a large number of cases, such as those of outlying 
and small stations, in which courses of private study, either by guided 
A reading or a modified form of correspondence course, would be the only 
£ possible method. 
a Curricula suitable for guided reading or correspondence courses are 
now being prepared in the following subjects, of a standard adapted to 
_ the examination requirements of the Institutions :— 


Bebertnclishie’.. i = « is . 2 «= 3 0. Mech. E. Sec. A, Part If (a). 
; LE.E. Part I (1). 
_ 2. Fundamentals of Industrial Adminis- I. Mech. E. Sec. A, Part II (a). 


tration. LE.E. Part II, Group IT (5). 
3. Applied Mathematics (or Mechanics) . Inst.C.E. Sec. A, 1. 
I. Mech. E. Sec. A, Part I (a) 


-% LE.E. Part I (2). 
_ 4. Physics and Chemistry (General Science) I. Mech. E. Sec. A, Part I (6). 
; LE.E. Part I (3). 
B®. Electrotechnics . . . . .- . . Inst. C.E. Sec. A, 3. 
I. Mech. E. Sec. B (c.4). 
LE.E. Part I (4). 
6. Strength of Materials specil curd ayes POR DS hy C. Mis ee OCs Az Zs 
I. Mech. E. Sec. B (8). 
7. Theory of Structures. . . . . . Inst.C.E. Sec. A, 4 (a). 
8. Theory of Machines . . . . . . Inst.C.E. Sec. A, 4 (6). 
I. Mech. E. Sec. B (a). 
9. Steam Engines. . . . . . . . Inst.C.E. Sec. B, Group iii (3). 
Bs" I. Mech. E. Sec. B (c.1). 
_ 10, Internal Combustion Engines . . . Inst.C.E. Sec. B, Group iii (8). 
= I.Mech.E. Sec. B, Group (c.2). 
_ 11. Hydraulics eee ee ee net. CN. — Sec,, B, Group.i;( 1): 
I. Mech. E. Sec. B (c.3). 
Sree Metallurgy. =< .6... . . + + Inst.C.E. Seo. B, ae ii (3). 
= I. Mech. E. Sec. B (c.5 
13. Surveying . - Inst. C.K. —Sec. B, Group i(1). 
3 “14. Engineering Geslony id Mineralogy . Inst.C.E. Sec. B, Group iii (1). 
15. Electricity Supply. . . . . IEE; Part II, Groups I and IT. 
16. Electrical Communications . . . . LEE. Part IL, Groups I and IT. 


"There are other subjects included in the examinations of the Inst. C.E., 
“Inst. Mech. E., and Inst. E.E. which are less frequently selected by 
e mee for which courses could probably be arranged, should there be 


FE they Student ‘of the Institution of Civil Engineers or approved 
candidate for election to Corporate Membership who wishes to prepare 
himself for Sections A and B of the Associate Membership Examination 
of The Institution under this scheme should apply to his Commanding 
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Officer or to the Unit educational officer for information as to the metho 
of procedure and for copies of the curricula. 


ARMY OFFICERS’ EMERGENCY RESERVE. : 

The War Office has informed The Institution that applications for 
registration in the above-mentioned Reserve are now particularly invited 
from Corporate Members who are over 31 and not more than 45 years of 
age, with a view to accepted applicants being subsequently granted 
Emergency Commissions in the Corps of Royal Engineers. This require- 
ment is therefore brought to the notice of those members who are free and 
feel disposed to offer their services. 

Particulars of the Abridged Conditions of Service, etc., in regard to 
the Army Officers’ Emergency Reserve may be obtained on application — 
to the Secretary of The Institution. 

Corporate Members over 45 and under 55 years of age may also apply 
for registration, but the prospect of employment cannot yet be foreseen. 


{SPECIAL ENLISTMENT IN THE ROYAL ENGINEERS. 


d forms of application may _ 
be obtained from the Secretary of The Institution. 


and may obtain from the Secretary a form of certificate indicating their _ 


pon production to the Registra- 
hem in being posted to the ranks 


ges of 21 and 50 years possessing the 
ualifications. The following are the 


Engineer. 
(i) Holders of Mechanical Engineering Degrees, or Civil Engineering 


[>] 


% Degrees if combined with theoretical knowledge of heat- 
fe engines. 

“ (u) Holders of Mechanical Engineering Certificates, or members 
y of Engineering Institutes who also have 2 years’ practical 
e experience. 

a (iii) Practical mechanical engineers who have served an apprentice- 
x ship followed by a number of years’ experience in erecting or 
% overhauling internal-combustion engines or aeroplane struc- 
4 tures, and with knowledge of the properties of engineering 
(3 materials. 

- [Students and Corporate Members of The Institution who are desirous 


of offering themselves as applicants for Commissions as Engineer Officers 
_ are requested to note that, according to information received from the 
Air Ministry, the standard of theoretical heat-engine knowledge required 
of degree men approaches degree standard and that practical men are 
required to have expert practical knowledge of internal-combustion 
engines : as regards knowledge of the properties and testing of engineering 
materials, this is not expected to be of metallurgical standard. ] 

The appropriate form of application (No. 1020), and notes on conditions 
of service, may be obtained from the Secretary of The Institution or from 
the Air Ministry, 8.7.e/5, Adastral House, Kingsway, W.C.2. 

The Secretary will be pleased to furnish certificates of membership of 
The Institution for attachment to applications. 


ae 


SE ye NS EZRA EROS. 6 AGED 


MINISTRY OF LABOUR. 
SCHEDULE OF RESERVED OCCUPATIONS. 


The following entry appears in the Ministry of Labour’s Schedule of 
Reserved Occupations :— 


ae Tey Aye raw yayY rae 


Student engineering apprentice or learner—reserved at and above 
the age of 18 years. 

This entry relates only to a man employed in industry or under 
articles to a professional engineer who produces a certificate from a 
university or technical institution or from a professional Institution of 
Engineers to show that he is within two years of the satisfactory com- 
pletion of a course of study with a view to offering himself for the first 
time for :— 

(i) an Engineering Degree ; 

(ii) an Engineering Higher National Certificate ; 

(iii) The Associate Membership Examination of the Institutions of 
Civil, Mechanical or Electrical Engineers, or the Associate 
Fellowship of the Royal Aeronautical Society ; 

_ (iv) An engineering examination of similar standing to those in 
(i), (ii) and (iii) above, e.g. the Associate Membership Exami- 
nation of the Institutions of Marine, Mining and Structural 
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— 
Engineers, Testamur examination of the Institution oi 
Municipal & County Engineers, Higher Grade Certificate ix 
Gas Engineering. 


In so far as The Institution of Civil Engineers is concerned, category (iii) 
applies to Students who are studying with a view to passing Sections A 
and B of the Associate Membership Examination within a period of 2 years, 
and who obtain from the Secretary of The Institution certificates to this _ 
effect for production to the Registration Officer of the Local Employment 
Exchange when they register in their age-group under the National 
Service (Armed Forces) Act, 1939. 

Before a Student is furnished with a certificate, he must send to the 
Secretary full details of his present occupation, state the dates when he 
proposes to sit for Sections A and B of the Associate Membership Examina- 
tion, and satisfy the Secretary in regard to the steps he is taking to prepare 
himself to sit for such examination. 


A Corporate Member who is normally engaged in civil engineering, 
must register at a Local Employment Exchange when his age-group is 
called, and should designate himself as a “ Civil Engineer” to accord — 
with the Ministry of Labour’s “ Schedule of Reserved Occupations.” 

He should obtain beforehand from the Secretary of The Institution a 
certificate of membership, for production to the Registration Officer. 


GENERAL ANNOUNCEMENTS. 


SUBSCRIPTIONS. 


Members and Students are reminded that subscriptions for 1941 are 


due on the Ist January, 1941. The present subscription rates are as 
shown below :— 


~ ; 


> ances Demme emer em a ee 
CLASS Crass B. 
(London nai) Elsewhere in CLass Mf 


ritish Isles.) 


Members. . . 
> (retired) 

_ Associate Members . . . 
” » (retired) 

Associates. 6.04)  & 

Students . 


Owing to the increased cost of postage and need for economy in the 
use of paper, members are urged to make prompt payment of their 
subscriptions and so save the necessity of a further application. 


[oF] 
THE JOURNAL, 


The next Number of the Journal will be published on the 15th January. 

The Council are prepared to receive short Communications of, say, 
2,000 words, accompanied by two or three illustrations, for inclusion in 
the Journal. Such Communications should be topical in character and 
might deal, for example, with demolition and reconstruction problems, or 
with minor constructional details, of a novel character, which would be of 
- general interest to engineers. 


MESSAGE OF GOODWILL FROM AUSTRALIA. 

An extract from a letter received by the Secretary from the Secretary 
of The Institution of Engineers, Australia, is given below :— 

““. . . May I now express the wish that comes to many of us that your 
Institution, the mother body of the professional engineering institutions 
_ throughout the Empire, will not suffer any material damage in the struggle 
that is now taking place and will be saved from the onslaught which 
_ threatens the ‘ Old Country’ day and night. I am sure the thoughts of 
all true British engineers are constantly with you at these times.” 


EXAMINATIONS. 


The next Associate Membership Examination is to be held in London 
and the Provinces during the week commencing the 21st April. Com- 
pleted applications to attend that Examination should be placed in the 
Secretary’s hands by the 28th February. Students of The Institution 
are recommended to lodge their applications to attend about a fortnight 
before that date. 

a The first Common Preliminary Examination (conducted by the Engi- 

neering Joint Examination Board), which now replaced the Institution 
_ Preliminary Examination, is to be held in London and the Provinces on 
the Ist to the 4th April, inclusive. Applications from candidates for 
- admission to Studentship and from candidates for election to Corporate 
_ Membership, who have been required by the Council to pass that Exami- 
nation as a condition of their election, should be placed in the Secretary’s 
_ hands by the 28th February. Copies of the Rules and Syllabus may be 
_ obtained upon application to the Secretary. 


ROT TA RTE TEM OTE GN Ee EN NN eT WELLE Y 


c, Cc. LINDSAY CIVIL ENGINEERING SCHOLARSHIPS. 

2 Regulations for the award of these Scholarships, sanctioned by the 
Board of Education, may be obtained on application to the Honorary 
_ Secretary of the Glasgow and District Association (Mr. William MacGregor, 
 B&c., Engineering Department, The University, Glasgow, W.2). Hligi- 
_ pility for the award of these scholarships, which are each of the value of - 
not less than £25 per annum, is confined to Students of The Institution 
who are members of the Glasgow and District Association of The 
- Institution and are British subjects of Scottish parentage. 


[8] 
ROAD ABSTRACTS. 

The publication of ‘ Road Abstracts,” compiled by the Department ot 
Scientific Research and the Ministry of Transport, is being continued im 
1941. By arrangement with the Institution of Municipal Engineers, 
members are enabled to subscribe for these Abstracts at the rate of 8s. 6d. _ 
per annum (postage free)—one-half the usual rate charged. 

All subscriptions run from January. 


: 
7 
| 
PARSONS MEMORIAL LECTURE, 1940. : 

The Parsons Memorial Lecture for 1940, entitled “The Engining of 
Highly-Powered Ships,” will be delivered by Sir Stephen Joseph Pigott, 
D.Sc., M. Inst. C.E., in the Lecture Theatre of the Literary and Philo- 
sophical Society, Newcastle-on-Tyne, on Tuesday, 17 December, 1940. 
The time for the Lecture to commence has been provisionally fixed at 
6 p.m. 


NATIONAL PHYSICAL LABORATORY. 

The Council have nominated Mr. W. J. E. Binnie, Past-President, as 
the second representative of The Institution on the General Board of the 
National Physical Laboratory, in succession to Sir Richard Redmayne, 
for 6 years from December, 1940. 


MINISTRY OF HOME SECURITY, RESEARCH AND 
EXPERIMENTS DEPARTMENT. 


A limited number of copies of the undermentioned Bulletins, which 
have been issued by the Research and Experiments Department of the — 
Ministry of Home Security, are available to members upon application to 
the Secretary of The Institution. Application should be made by post- 
card, quoting the Bulletin No. given in the left-hand column. 
7, phoma 

0. 

C.1. New Design Methods for Strutting of Basements, Etc. 

C.2. Consolidation of Earth Covering on Anderson Shelters. 

C.3. The Propping of Reinforced Concrete Beams. 

C.4. The Protection of Glass in Hospitals. 

C.5. Steps that should be taken to increase the Resistance of “ Umbrella” type 
Shed Roofs to Collapse due to Air Attack. ‘ 

C.6, Damage to Cast Iron Pipes in Works. 

C.7. The Protection of Factory Glazing. qt 

C.8. Structural Damage Caused by Recent Air Raids to Some Single-Storey 
Buildings, 

C.9. The Protection of Plate Glass Windows. 

C.10. Flexible Substitutes for Glass. 

C.11. Chemical Fire Extinguishers. Their application to incendiary bombs and 
resultant fires. 

‘C.12, Single-Storey Wartime Factory Design. 

€.13. Obscuration, Ventilation, and Protection from Glass in Large Buildings. 


fer] 


COMMITTEES OF THE COUNCIL FOR 1940-41. 


=a 

Ks The President is ex officio a member of all Council Committees. 

f- EXeEcuTIvE Commirrer, War Perron. 

a The President. 

x The Vice-Presidents. 

_ Asa Binns. W. T. Halcrow. Sir Leonard Pearce. 
_ S. B. Donkin. R. G. Hetherington. Sir Clement Hindley. 
3 With power to co-opt. 

Le 

eg 

i STanDING CoMMITTEEs. 

or 

. Epvcation anD TRAINING. 

+ 


Chairman.—Professor C. E. Inglis. 


_ Professor Gilbert Cook. Ralph Freeman. Sir Leonard Pearce. 


~ C.G. Du Cane. Dr. W. H. Glanville. H. C. Whitehead. 
© T. P. Frank. 


Board of Moderators.—Professor Inglis, Professor C. L. Fortescue, Professor B. P. 
Haigh, Professor A. J. Sutton Pippard, Dr. R. E. Stradling, Professor W. N. Thomas. 


AN 


Finance. 
Chairman.—Asa Binns. 


Z ‘Sir John Thornycroft. R. G. Hetherington. 8. B. Donkin. 
_ J. R. Davidson. W. H. Morgan. Sir Alexander Gibb. 


> I. P. Frank. V. A. M. Robertson. Sir Clement Hindley. 
_W. T. Halcrow. W. J. E. Binnie. 


GENERAL PURPOSES. 


Chairman.—The President. 


_ Dr. David Anderson. Raymond Carpmael. W. H. Morgan. 

_ Professor C. E. Inglis. J. R. Davidson. W. J. E. Binnie. 

_ Sir John Thornycroft. T. P. Frank. 8. B. Donkin. 

_ F.E. Wentworth-Sheilds. W. T. Halcrow. Sir Alexander Gibb. 


- Asa Binns. R. G. Hetherington. Sir Clement Hindley. 


MEMBERSHIP. 
4 Chairman.—Dr. David Anderson. 
Sir Athol Anderson. R. F. Hindmarsh. W. H. Morgan. 
 C. G. Du Cane. R. J. M. Inglis. A. G. Vaughan-Lee. 


Mr. M. F-G. Wilson has been asked to attend meetings of this Committee. 


PROFESSIONAL. 
Chairman.—The President. 
r. David Anderson. Ralph Freeman. H. C. Whitehead. 
ofessor C. E. Inglis. Col. C. L. Howard Hum- W. J. E. Binnie. 
ohn Thornycroft phreys. 8. B. Donkin. . 
. Wentworth-Sheilds. R.J. M. Inglis. Sir Alexander Gibb. 
ir Harley Dalrymple-Hay. A. G. Vaughan-Lee. Sir Clement Hindley. 
. G. Du Cane. 


4 Mr. M. F-G. Wilson has been asked to attend meetings of this Committee. 
P : 


¥. 
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PUBLICATIONS AND LIBRARY. 
Chairman.—F. E. Wentworth-Sheilds. 

Sir Athol Anderson. Dr. W. H. Glanville. Sir Leonard Pearce. 
Asa Binns. W. T. Halcrow. A. G. Vaughan-Lee. 
Raymond Carpmael. 

InsTITUTION COMMITTEES. 

LocaL ASSOCIATIONS. 
Chairman.—Sir John Thornycroft. 

Sir Athol Anderson. R. F. Hindmarsh. V. A. M. Robertson. 


Professor Gilbert Cook. Col. C. L. Howard Hum- H. C. Whitehead. 
Sir Harley Dalrymple-Hay. _phreys. 

With the Chairmen of the Local Associations, one other member of each Local 
Association of Corporate Members and Students in the British Isles, and the Chairmer 
or any members of the Overseas Advisory Committees who may be in England. 


Overseas Sub-Committee :—The Chairman and Members of Council on the Local — 
Associations Committee, the Chairmen of Overseas Local Associations and the Chairmen 
or Members of Overseas Advisory Committees who may be in England. 


Pusiic RELATIONS COMMITTEE. 
Chairman.—W. T. Halcrow. 
F. E. Wentworth-Sheilds. Col. C. L. Howard Hum- V. A. M. Robertson. 


Hugh Beaver. phreys. J. E. Swindlehurst. 
Dr. Herbert Chatley. R. W. Mountain. W. A. Tookey. 
J. R. Davidson. C. M. Norrie. M. T. Tudsbery. 

- Conrad Gribble. S. R. Raffety. D. M. Watson. 


Rari~way ENGINEERING SECTION COMMITTEE. 
Chairman.—Raymond Carpmael. 


F. E. Wentworth-Sheilds. R. J. M. Inglis. With others to be 
pooree Elson. V. A. M. Robertson. appointed. 
W. T. Halcrow. W. K. Wallace. 
, RESEAROH. 

Chairman.—Dr. David Anderson. < 
Professor C. E. Inglis. Dr. W. H. Glanville. Professor A. J. 8. Pippard. 
F, E, Wentworth-Sheilds. W. T. Halcrow. Dr. 8. L. Smith. 
Alfred Bailey. R. G. Hetherington. R. H. H. Stanger. 
G. M. Burt. R. J. M. Inglis. Dr. R. E. Stradling. 
Raymond Carpmael. Professor A. H. Jameson. W. J. E. Binnie. 
F. C. Cook. Professor F, C. Lea. 8. B. Donkin. 
Professor Gilbert Cook. Professor K. N. Moss. Sir Clement Hindley. 
Ralph Freeman, Sir Leonard Pearce. M. F-G. Wilson. 


Deterioration of Structures Exposed to Sea Action. 
Chairman.—W. T. Halcrow. 


F, E. Wentworth-Sheilds. | Raymond Carpmael. Sir Cyril Kirkpatrick. 
Sir Athol Anderson. C. dy. Du Cane. M. F-G. Wilson, " 
W. P. Barron. Dr. 8. A. Main. 


Roap ENGINrEERING SEcTION CoMMITTER. 
Chairman.—F. C. Cook. 


4 m + or nob ahiatasiy Arthur Floyd. W. H. Morgan. L 
. E. Aldington. T. P. Frank. Dr. R. E. Stradling, 
Professor R. G.H.Clements, Dr. W. H. Glanville. OVA 
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TRANSFERS, ELECTIONS, AND ADMISSIONS, 
Since the 24th September, 1940, the following elections have taken 


- place : 

a Meeting. Member. Associate Members. 
€ 19 November 1 

ae 


rd and during the same period the Council have transferred three Associate 


— to the class of Members, and have admitted forty-four Students. 


DEATHS AND RESIGNATIONS. 


_ The Council have received, with regret, intimation of the following 
deaths and resignations :— 


DEarTus. J 
_ Morey, Sir Charles Langbridge, C.B.E.,D.Eng. (E.1904. T. 1919.) Past-President. 
‘Batrour, John Aylmer. (E. 1904. T. 1919) Member. 


Cxark, Robert George, O.B.E. (E. 1905. T. 1926.) 
GrirriTH, Percy. (E. 1892. T. 1901.) 
Heyriqvss, Philip Quixano. (E.1917. T. 1933.) 
Newrneton, Frank Alfred. (E. 1894. T. 1902.) 
Pawtey, Richard. (E. 1883. T. 1889.) A 
Boyzs, Frederick Thomas. (E. 1919.) Associate Member. 
*COLBOURNE, Jack Herbert, B.Se. (E. 1932.) 
Conner, Benjamin. (E. 1897.) 

- Riae, Robert James. (E. 1940.) bs i 
_ *Evans, Douglas Alban St. John, B.Sc. (A. 1938.) Student. 
_ *Lupron, John Sheppard Hewitt. (A. 1939.) 

_ *MartTin, Francis Robert. (A. 1934.) 

* Killed on active service. 


33 99 


”? 29 


99 
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; RESIGNATIONS. 
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ABSTRACT OF A PAPER FOR DISCUSSION. 


make mieten r 


_ The following Paper will be brought forward for discussion on the 
late indicated in the margin of the abstract, and will be published, with 
reports of the oral and written discussions upon it, in the Journal. 
Members desiring to take part in the consideration of this Paper should 
ipply forthwith for advance copies, which will be forwarded as soon as 
hey are ready. Applications for proofs should be made on postcards, 
juoting the number of the Paper. 

_ A period of about 3 months from the date of publication of the Paper 
n the Journal is generally allowed for written communications, which 
should be :— 

(a) As concise as possible and entirely relevant to the subject-matter 
Zs of the Paper ; 

_ (0) Written legibly or typed with the lines openly spaced. 
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Paper No. 5255. 
“The Design of Sewage-Purification Works.’’ 


By Hersert Cxcit Wuirenxrap, M. Inst. C.E. 


The Author emphasizes the complications of design due to the con- 

icting character of some of the many natural forces which may be 
fully employed, and urges the necessity for an orderly sequence of 

erations in separating the various kinds of impurities. 

_ He outlines the requirements for inland towns, recommends the ex- 

mnsion of partial treatment for storm-water, and considers the factors 

flecting the oxidizing capacity of percolating filters and describes recent 
riations in methods of operation. 

_ Suggestions are made for improvement of the activated-sludge process, 

design of humus tanks is considered, and a brief review is given of 
udge treatment and disposal. 
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Synopses of 
CHAIRMEN’S ADDRESSES. 
BIRMINGHAM AND DISTRICT ASSOCIATION. 
Meeting, 31 October, 1940. 


*. 


Mr. B. C. Hammond expressed thanks for his election, and recalled his 
connexion with The Institution as a Student for 34 years. He emphasized 
the difficulties inevitable in war-time, and the necessity for all members 
to continue their interest in The Institution and the Association. The 
‘magnitude of the national issues at stake was reflected in all discussions 
of engineering topics. He remarked upon the antiquity of civil engineering 
in general, and road-making in particular, recalling the achievements of 
the Egyptians, Phcenicians, Greeks, and Romans, and deploring the 
significant historical knowledge that remained of the actual methods 
employed. He reviewed the records of Roman achievements in road- 
making in Britain, and observed that the work of earlier peoples was still 
discernible, in comparison with Roman military design. The principal 
oman routes, had they been more fully preserved until to-day, would 
have served as the major lines of a system of motorways suitable for the 
“most modern needs. 
Little engineering progress was made from the Roman evacuation of 
Britain until road communications began to be improved in the 18th 
entury. The association of the name of the first President of the Institu- 
nm, Thomas Telford, with road-making led to thoughts of earlier pioneers, 
ch as General Wade, John Metcalfe, and John Loudoun Macadam. 
e era of these experts was followed by a period of railway development, 
when not only were roads relegated to obscurity, but also the cumulative 
ect of some decades of legislation favoured various public utility under- 
kings, and thus added complication and expense under modern con- 
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ditions of traffic. Mr. Hammond pleaded for the systematic overhaul and _ 
simplification of legislation relative to highway matters as an essential to- 
post-war reorganization and re-planning. He hoped for a concentration 
of the efforts which would be necessary for recovery, and envisaged the — 
possible future administrative machinery, and the further nation : 
of highways. | 
He reviewed the advantages of special routes exclusively for fast : 
mechanical traffic, and mentioned certain defects still inherent in even the _ 
latest pre-war reconstruction practice, stressing the necessity for a careful 
decision by the State definitely for or against motor-roads as an ie 
preliminary to re-planning. He observed that future practice would be 
uncertain until these and other post-war conditions were known, and 
indicated the manner in which future amenities and public safety might 
require to be studied. He emphasized the importance of skilful repair 
work during the next few years, and discussed methods of construction 
and workmanship and the use of plant. 
From the earliest times river crossings had had an important effect upon 
the establishment of towns and cities. Mr. Hammond considered that 
actual principles of construction hitherto accepted would probably be less 
affected than new road construction by actual conditions, since the main — 
problem would probably be the selection of suitable types at an economic — 
cost. He discussed points of design, and pleaded for simplicity, citing 
examples of its effect. He reviewed recent developments in the principles — 
of bridge construction, including the use of portal-frames, electric welding, _ 
and vibrated concrete. | 
Referring to the reconstruction and restoration of old structures, he 
mentioned that many weak, narrow, or otherwise dangerous bridges — 
existed prior to the outbreak of war, and their number would inevitably — 
be augmented by war conditions. The interesting practices to be found _ 
in repair and reconstruction work were exemplified by work carried out 
by Mr. Hammond during recent years on four bridges in which all the 
conditions were entirely dissimilar. Two of these had been originally’ 
designed and built by Telford more than 100 years ago. 
Whatever future conditions might prove to be, the activities of members 
of The Institution would remain as defined by its Charter, namely, “the 


art of directing the great sources of power in Nature for the use and 
convenience of man.” 


YORKSHIRE ASSOCIATION. 
Meeting, 12 October, 1940. 


Mr. A. G. Beaumont recalled that the subject of the previous Chairman’s 
address had been “‘ The Engineer—Technically, Commercially and Per- 
sonally ’’, and that the President of The Institution had dealt with the - 
development of the status of the Civil Engineer. In the present circum- 
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stances it seemed natural for him to discuss “Civil Engineers and the 
War’, with some reference to waterworks engineering and adminis- 
tration. 

Many of our members were serving in the Forces, whilst others were 
engaged in special war work, or in maintaining public services; and the 
Central Register permitted engineers with special qualifications to be 
selected for important national work. Further the importance of the 
civil engineer was recognized by placing him in the Schedule of Reserved 
Occupations at the age of 23; moreover a Student under that age had 
special facilities for completing his studies ; and The Institution’s by-laws 
could be relaxed in order to avoid hardship. 

Modern warfare had become mechanized to such an extent that 


_ engineers had been blamed for making it possible. Probably no one had 


let ee 


contributed more than the engineer to the development of civilization, 
and it was a calamity that his work should be used for wholesale destruc- 
tion. Mr, W. J. HK. Binnie’s address in 1938 had mentioned that 450 years - 
ago Leonardo da Vinci had suppressed his design for a submarine because 
of its sinister possibilities. 

To meet the German “ Blitzkrieg ”’ a still more formidable war machine 
had to be produced, and every civilian engineer must fight with the tools 
of his craft. The normal construction of public works and improvements 
was suspended to a great extent, and our workshops, shipyards, and man- 
power had to be turned over to war work, and new munition works and 
aerodromes constructed. A vast civil defence organization had become 
necessary, and the provision of shelters had created new problems. 

Mr. Beaumont emphasized that in all future engineering designs the 
recurrence of aerial warfare would have to be taken into account. He 
thought that, where possible, greater attention would be given to the 
choice of site, and that there would be a general tendency towards decen- 
tralization: this might apply to industrial works, electrical generating- 
stations, waterworks pumping-plants, gasworks, and other public utility 


and transport undertakings. Interruption of services might be reduced 
_ by having smaller units, more stand-by plant and facilities for repairs, and 


interconnexions and alternative routes for mains, cables, and tracks. 
Experience had shown that a framed structure with light panels which 


could yield before transmitting blast pressure was more likely to survive 


than the older type of walled building. The fracture of one member of a 


frame should not cause its failure, or spread the collapse to adjoining 


work. Further investigation was required as to the comparative resistance 
to blast and fire of steel framework, reinforced concrete, and other forms 


_ of construction. 


Turning to waterworks topics, Mr. Beaumont observed that, after 


earlier experience on constructional work, the engineer usually became 
involved in administrative duties. Whilst the constant supply of pure 
water was the first consideration, an undertaking must pay its way and 
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the cost must be reasonable—about 3d. or 4d. per ton delivered to the 
premises—for the public was inclined to regard water as one of nature’s 
bounties. a 

He referred to the volume of recent legislation, special and general, 
affecting waterworks, and relating to public health, land drainage, 
factories, fire brigades, access to mountains, county areas, and the safety 
of reservoirs, and also to the Water Undertakings Bill, which had been 
withdrawn when war occurred. The Ministry of Health had displayed a 
closer interest in water-supply, and the Croydon epidemic had led them to — 
urge various precautions, which included the medical examination of 
workmen to detect potential typhoid-carriers. The treatment and steri- 
lization of water was already widely practised, but since the outbreak of 
war sterilization had been insisted upon. 

“ A.R.P.” had become merged in “ Civil Defence.” A year or two 
before the war engineers had been requested to take precautions for 
ensuring the continuity of supplies in case of attack, and much practical 
work had been done, whilst the Government had made grants towards 
certain approved measures. Major works such as reservoirs, pumping- 
stations, and filters presented special problems ; more obvious measures 
included decentralizing stores, increasing stocks of material and equip- 
ment, improving mains, linking-up with neighbouring authorities, co-opera- 
tion in repair gangs, emergency organization and training of personnel, 
and the guarding of vulnerable points. a 

The consumption of water had declined in evacuated areas, but had 
increased in many industrial towns, whilst populations transferred to rural 
districts also required additional water and other services. The severe 
winter of 1939-40 had caused great inconvenience and waste from burst 
pipes, whereas the hot summer had led to heavy demands, and many 
authorities had imposed restrictions in order to conserve supplies in case’ 
of war emergencies. The influence of these factors, including the varia- 
tions in consumption during night “ alerts "’, was illustrated by diagrams. 

In conclusion, Mr. Beaumont said that we looked forward with con- 
fidence to the successful conclusion of the war. It was impossible to. 
foresee what the political and economic conditions might be, but in recon- | 
struction—in the widest sense of the term—the engineer would again 
oe the duty and privilege of working “for the use and convenience 
of man,” ; 


